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PREFACE 

In the pt'esent volume I have attempted to bring together under one 
subject a discussion of the main facts relating to the bleaching of a 
variety of materials, \Vith the idea that the processes of bleaching are, 
in themselves, general enough in character to be susceptible of this 
treatment. . On this account, the classification I have adopted is one 
based on the materials to be bleached rather than on the bleaching 
agents themselves. In the first rank, of course, come the textile fibers, 
and among these the one of preeminent importance is cotton. So 
much is this the case, indeed, that when the term “bleachery” is used 
in general parlance, the invariable meaning is one devoted tb the bleach- 
ing of cotton. This will account for the relative amount of space and 
consideration given to the different topics contained in this volume. I 
have attempted to preserve a proper balance of the subject matter in 
recognizing the respective values of the different provinces of bleaching. 
Naturally, therefore, a much larger space is given to cotton bleaching 
than to any other branch. 

Inseparably bound up with the actual process of bleaching itself 
I are certain correlated preliminary and subsequent processes which must 
also receive due consideration. In wool and silk bleaching, for in- 
stance. the preliminary scouring or degumming operations are of even 
more importance than the final whitening of the fil^r. In cotton bleach- 
ing the previous boiling-out is in reality the chief essential in the com- 
plete process. This will account for the rather detailed and exhaustive 
discussion given to the subjects of scouring wool, degumming silk and 
boiling-out cotton. 

The classification of the subject with respect to the materials to 
be bleached has been adopted for the purpose of giving the reader a 
clearer understanding of any one topic as a whole. I take it for 
granted that the average reader of such a volume as the present one 
will be more interested in viewing a complete survey of wool bleaching, 
of linen bleaching, or whatever the topic may be, than in an academic 
discussion, for instance, of the peroxide method of bleaching in gen- 
eral. While this system of classification is by far the most practical 
one from the point of view of the reader, it possesses the technical de- 
fect of a certain, yet unavoidable, amount of repetition, especially 
where practically the same process of bleaching is used for different 
materials. In order to preserve the unity of the topic under considera- 
tion, however, I have not hesitated to repeat processes that may have 
been previously mentioned with only minor differences of detail, as I 
have considered it better to do this than to risk the more serious charge 
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of incompleteness or to involve the inconvenience of continued refer- 
ence. 

Illustrations and dia.e^rams have been liberally employed in this vol- 
ume, chiefly for the purpose of enabling the reader to visualize more 
clearly the processes under discussion. These illustrations have been 
selected and placed with reference to the development of the text, so 
that as the reader studies the text he may have before his eye the par- 
ticular machine or apparatus relating to the suhjcct. The distribution 
of these illustrations has been made with reference to chapters, as owing 
to the e:j^igencies of typographical make-up it is not always possible to 
insert the illustration at the exact psychological position of the text. 
Furthermore, I have purposely avoided giving dry details of mechani- 
cal descriptions relating to the machines illustrated, as I do not believe 
that the reader is cither instructed or enter! aiiicd by including these 
mechanical details that savor more of a trade circular or a patent speci- 
fication. 

This volume has been written primarily for the textile chemist and 
the actual operative in the mill, so that the subject has been approached 
more from the practical point of view than from that of the theoretical 
and academic chemist. To this end 1 have avoided sprinkling the pages 
with complicated chemical formulas and equations, and have side- 
stepped the high-brow disquisitions of physical chemistry and mathe- 
matical physics by which many chemical books seek to mystify and awe 
the reader into the belief that they are acquiring a scientific vision. 
Science is nothing more than classified common-sense, and in presenting 
this contribution to the science of bk-aehing, I have merely attempted 
to classify and coordinate the common-sense facts underlying the in- 
dustry. The technique of the subject is ])rcsentcd rather than a meta- 
physic of hypothetical causes or a schola'^tic logic of chemical formulas. 

I'his book is an outgrowth of over twenty years’ practical experi- 
ence of the author as a textile chemist occupied very largely in^ the 
problems of bleaching, and naturally it will be found that those subjects 
will be the greater stressed the more they lie within that experience, 
while other subjects have been perhaps not so fully dealt with where 
reliance has had to be ])laccd mostly on the published literature; but 
this I believe is a shortcoming common to all hooks on technical 
subjects. 

While the main theme herein is that of textile bleaching and scour- 
ing, there is also included a discussion of the to])ic of bleaching as 
extended to other fields of industry. As these fields, as a rule, liave 
not been subjected to any degree of scientific investigation or method, 
they can be dealt with in only a comparatively sketchy and inadequate 
manner. I realize these limitations, but hope that this publication may 
serve as an incentive towards an increased interest in these fields and 
that students will recognize them as interesting possihililies for fruitful 
research. 

As to the practical bleacher and the responsible executives of this 
industry, it is to be ho])ed that this volume will help towards inciting an 
interest in the s)stematic investigation and scientific study of actual 
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mill' processes and operations. Most bleacheries are overgrown with 
the moss of secrecy, prejudice and tradition, and harnessed to rule-of- 
thumb methods that have been evolved from primordial ancestral ex- 
perience. That such experience is the basis of many useful ideas and 
satisfactory methods of operations is not to be gainsaid; but at the 
present time unless such experience is analyzed in the light of modern 
scientific knowledge it may come to be a retarding infiuence rather than 
a progressive one. 

Asa further explanation of the scope of this volume it may be said 
that it is limited to the direct subject of bleaching a::d the necessary 
preliminary operations connected therewith. The discussion of finish- 
ing operations on bleached fabrics (especially with reference to cotton 
goods) has been purposely avoided, as to deal with these adequately 
would have led me too far afield from the main theme, and would have 
made the volume out of proportion and would have destroyed its unity 
of purpose. While it is true that the finishing of cotton goods is inti- 
mately bound u]) with the bleaching thereof, and that bleaching, per- 
haps, is to be considered merely as one of the processes in finishing, 
nevertheless it has not been possible or feasible to include these matters 
in tile scope of the present volume. 

J. Mi'.RKiri' Matthews. 

New York City, 

June, i92r. 
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Chapter I. 

Introduction. 

I. The Raw Textile Fibers. 

T he textile libers in their contlilion as raw materials contain consid- 
erable anioinils of inipurilies which have to be removed in order to 
render the fiber serviceable for manufacturing purposes. Wool, for 
example, as it occurs in the lleecc of the sheep, contains a large quantity 
of greasy matter and dirt; the silk fiber, though comparatively free 
from foreign matter, is enveloped by an integument of a glue-like 
substance; cotton, though jiure in comparison with wool, is nevertheless 
contaminated with a small amount of matter other than true fiber; and 
the other \egetable fihers usually have quite a large amount of asso- 
ciated foreign matter. In addition to this, all of the textile fibers 
have a small (piantity of natural coloring matters as a composite part 
of their substance which is necessary to remove when a pure white 
libci is reijuired. 

1 removal of grease, dirt, or other extraneous matter is an 
operation which naturally falls under th(‘ general term of scour'uuj; 
although this expression is more especially given to the cleansing of 
wool alone, the scouring of cotton being spoken of as hoiling-ont, and 
the scouring of silk as boUing-off, stripping, or degnmniing. The re- 
moval or destruction of the natural coloring matters in the fiber is the 
real province of hlcacbiug Inasmiuh as it is ahvays necessary to 
cleanse the fiber thoroughly before bleaching, a preliminary scouring 
Operation must aUvavs be considered. 

()w'ing to the fact that raw' wool contains such a large amount of 
foreign matter, and owing also to the greasy character of the latter, it 
is almost impossible to cairy the fiber through any of the manufactur- 
ing operations without a preliminary scouring; even previous to the 
dveing of loose wool, the stock must first be cleansed. There are rare 
instances of w’ool being carded and spun in the greasy, unscoured con- 
dition, and also similar instances of the stock being dyed in such a 
condition, but these are exceptionable cases and constitute but a small 
portion of the wool ordinarily manufactured; and even under such 
conditions, the wool has been considerably cleansed by washing while 
still on the sheep. 

From Ihc nature of the impurities on silk, this fiber may be carried 
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through a variety of operations and even be dyed without first remov- 
ing to any extent the silk-glue, but the high luster and softness of the 
fiber are not developed until it has been scoured. 

Cotton, as already mentioned, has but a small amount of foreign 
matter other than pure fiber ; hence, this does not, as a rule, interfere 
with the manufacture and dyeing of the stock. In fact, owing to the 
waxy-like nature of the majority of the impurities on the cotton fiber, 
they are a help rather than a drawback to the carding and spinning of 
the material; owing to their water-repellent nature, however, they 
stand in the way of the proper dyeing of the stock, in so far as not to 
allow of the free transpiration of solutions through the fiber. In the 
bleaching of cotton, however, it is absolutely essential to thoroughly 
scour the fiber in order to obtain satisfactory results. 

In many of the other vegetable fibers the stock cannot be obtained 
in a white condition without more or less disintegration or weakening 
of the individual filaments. Linen or jute, for instance, cannot be 
bleached to a pure white without very serious detriment to its strength. 
This is caused by the fact that these textiles are prepared from what 
are known as hast fibers and the commercial fibers are composed in 
reality of bundles of small fibrils held together by an intercellular 
tissue. To obtain perfect bleaching, ordinarily, this tissue must be 
removed, hence the fiber becomes more or less decomposed into its 
fibrils and is necessarily weakened. Due to this fact, many of these 
fibers are not scoured and bleached, but are used in their natural color. 

2. Natural Pigments in Fibers. 

All of the textile fibers, whether of vegetable or animal 
origin, possess more or less coloring matter or pigment in their com- 
position. Wool, in common with its cogenor, hair, is known to exist 
in a number of colors, varying from a pale yellow to a deep brown, or 
even a black. Even ordinary “white” wool has a slight yellow tint after 
scouring, due to the presence of a natural organic pigment in the fiber. 

Silk also possesses coloring matters which impart to it a slight 
brownish yellovv tint, which in some varieties is quite pronounced when 
the silk is still in the gum or raw state; the majority of this coloring 
matter, however, is merely present in the sericin, or layer of silk-glue, 
which covers the fiber proper, so that when this layer is removed by 
boiling-off the fiber comes up fairly white. In many wild silks, how- 
ever, the amount of pigment-matter in the fiber itself becomes quite 
pronounced, and gives to the silk a marked brownish color. 

Cotton, even after a thorough boiling-out for the purpose of remov- 
ing external impurities, still retains a slight brownish yellow color, and 
some varieties, such as Nankin cotton, have quite a deep brown color. 

^ Linen or flax will vary much in the quality and quantity of the col- 
oring matter present, according to the method by which the fiber is 
prepared from the plant; the fiber itself has but little natural pigment, 
but it becomes more or less stained in the retting process by the color- 
ing matters extracted from the rest of the plant; the result is that 
linen, as it usually appears in trade, is of a grayish brown color. 
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Other vegetable fibers, such as jute and hemp, are, as a rule, rather 
deeply colored, though ramie is remarkably white. With regard to 
these bast fibers, the amount of coloring matter present is usually in 
proportion to the amount of alteration products of cellulose present in 
admixture with the true cellulose. 

In the large majority of instances in dyeing, the presence of the 
natural coloring matters of the fiber is not appreciably harmful to the 
color to be produced by the dyestuff. When delicate shades and tints, 
however, are desired, or when it is required that the fabric be left 
undyed and in a white condition, it generally becomes necessary to 
remove the natural coloring matter from the fiber by some chemical 
treatment. The process by which this is accomplished is termed bleach^ 
ing, and the word really means to “whiten.’^ ^ 

3. Tinting. 

The destruction, or removal, of the natural coloring matters in the 
textile fibers may be brought about by a variety of methods. In certain 
cases, it is only necessary to tint the material with a complementary 
color to that already present ; and as this latter is usually a yellow or a 
yellowish brown tint, the complementary tint would be blue or violet. 
The complementary tints combining to give the effect of one color 
produce a neutral gray, to which the eye is far less sensitive than it is 
to either of the complementary or component tints; and, in conse- 
quence, the material so tinted appears to the eye to have much less 
color ; or, in other words, appears whiter. In this method of bleaching 
there is no actual destruction of the natural coloring matter or pigment, 
and 'here is in reality more actual color present in the fiber after tinting 
than before, only it is not so apparent to the eye. Very small quan- 
tities of such dyestuffs as Methyl Violet, Indigo Extract, Acid Violet, 
Ultramarine, etc., may be employed for the purpose of tinting, and 
must be used with a due regard to proportion, otherwise the material 
may be given a bluish or violet tone as perceptible as the yellowish tint 
which existed before. The majority of these tints, however, are not at 
all permanent to the action of washing and exposure, and in conse- 
quence are gradually removed, with the result that the original yellow- 
ish color once more becomes apparent as the complementary tint fades 
away. This method of bleaching by the tinting process can only be 
successfully applied in cases where the amount of the original natural 
coloring matter is very small; for if this is too pronounced the amount 
of blue or violet complementary color required to overcome it will be 
proportionately larger, and the resulting neutral grayish tone may 
become so pronounced that the material after tinting will exhibit a 
dirty or muddy appearance. Nor is this method of bleaching applicable 
to material which it is desired shall possess a permanent white color; 
it is often employed, however, for the purpose of giving bleached goods 
a whiter appearance in the store so as to render them more salable. 

Tinting, however, is nearly always employed as a finishing operation 

* In its etymological sense, the word “bleach” means to whiten or make pale. It if 
apparently derived from the Anglo-Saxon h/pcan. to fade, .and wc also have the German 
bleichen, to whiten, and the French blanchir of the same meaning. 
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in nearly every process of actual bleaching; in such cases it is for the 
purpose of giving the bleached white a bluish cast which is more agree- 
able to the taste, as a rule, than a full dead white. The tinting under 
these circumstances is generally done with a minute quantity of violet 
or blue coloring matter. It livens up the appearance of the bleached 
white and gives it a fresh and bright linish. 

A variety of coloring matters are employed for the purpose of this 
tinting; Acid Violet and Victoria Blue are largely used, as are also 
Ultramarine, soluble forms of Prussian Blue and the fast vat blues, 
such as Indigo, indanthrene Blue, etc. 

4. Chemical Bleaching. 

Bleaching, in the proper sense of the term, implies an actual removal 
or destruction of the natural pigment in the fiber, and not merely a 
temporary neutralization of its color clTect by tinting with complemen- 
tary colors. The coloring matters existing in the raw fibers arc of 
organic origin ; that is to say, they are not mineral compounds. Being 
of this nature they are peculiarly susccj)tible to the action of various 
chemi('al agents of both a reducing and oxidizing character. It is on 
these facts that the two processes of bleaching at ])rcsent in vogue de- 
pend for their efficiency. The one, which is used almost exclusively in 
connection with the animal fibers, involves the use of a strong reducing 
agent, such as sulfurous acid, sodium hydrosulfite, etc. ; the other 
process employs a strong oxidizing agent, such as hypochlorous acid 
(or its salts), which finds use in connection witli the vegetable fibers, 
or hydrogen peroxide, which may be employed in connection with all 
fibers. 

5. Reduction Process. 

In the reduction process of bleaching, which is employed principally 
for wool, the coloring matter does not a[)pear to l)e ultimately de- 
stroyed, but the bleaching eflcct is accounted for on the theory that 
the organic pigment is cither reduced to some colorless compound by 
the general reducing action of the bleaching agent, or it may form a 
colorless derivative with the sulfurous acid itself. It is not considered 
probable that the pigment is chemically decomposed in such a manner 
as to be utterly destroyed, for if this were the case, the bleaching effect 
would be of a permanent character; but as it is observed that the yel- 
lowish tint of wool gradually returns on exposure to the air when 
bleached by means of sulfurous acid, it has been supposed that the col- 
oring matter has not been really destroyed, otherwise it could not again 
be generated in the manner observed. Examples of the decolorizing 
action of sulfurous acid have been observed in connection with many 
dyestuffs; for instance, a solution of Magenta is rapidly decolorized 
when treated with this reducing agent ; and it has been shown in this 
case that the coloring matter has not been destroyed, but is only con- 
verted into a colorless compound consisting of a reduced derivative of 
Magenta known as rosanilinc. This reaction has also been extended to 
many other coloring matters. Again, certain other dyestuffs, such as 
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Alizarine Blue S, have been shown to form a chemical compound with 
sulfitrous acid which is both colorless and soluble. In view of these 
chemical reactions, the above theory as to the effect of sulfurous acid 
on the coloring matter in wool has been suggested. 

The same remarks which have been applied to the return of the 
yellowish tint of wool which has been bleached with sulfurous acid, 



Fig, I. — Grassing of Linen in Old England. 


may in like manner be applied to this same action with respect to silk, 
straw, or other fibers, which may have been bleached by the same 
reagent ; for it is observed that in each case exposure of the bleached 
material to the air will result in the gradual return of the yellowish 
color which it was the object of the bleaching to remove. 

In contradistinction to these explanations, however, it may be said 
tliat the yellowish tint does not appear to be restored to wool bleached 


with sulfurous acid when treated with mild oxidizing agents, such as 
dilute solutions of chloride of lime, potassium permanganate, hydrogen 
peroxide, etc. If it were a fact that the bleaching-out of the natural 
pigment were due to its being reduced to a colorless compound, and 
that the gradual restoration of the original color were due to a reoxi- 
dation of this derivative to the parent substance again by the action of 
the atmosphere, this reoxidation should take place much more rapidly 
when brought in contact with such oxidizing influences as above sug- 
gested. But as this does not take place wc must be somewhat sceptical 
in accepting such an explanation. If, on the other hand, the bleaching 
effect were due to the formation of a colorless -compound of the pig- 
ment with the sulfurous acid, it would seem probable that if the latter 
constituent of the compound were removed the original pigment might 
be destroyed in the presence of even diluted or mild oxidizing agents, 
whereas the influence of the atmosphere might have a somewhat dif- 
ferent effect.^ 

This explanation receives a further support in the fact that however 
well wool may be washed after bleaching with sulfurous acid, it seems 
impossible to remove absolutely all of the latter compound from the 
fiber, t'vidcntly suggesting some form of chemical combination of the 
sulfurous acid with either the wool itself or some of its constituents/ 
On long exposure this compound may be broken down, with the result 
that the pigment is again liberated in its original condition. But we 
also have to meet an objection in this theory similar to that advanced 
against the former one. By treatment with mild oxidizing agents al- 
ready described the traces of sulfurous acid which arc left in the wool 
after bleaching are totally removed by reason of the conversion of the 
sulfurous acid into sulfuric acid. The removal of the reducing agent, 
however, does not appear to cause the natural pigment to be reformed, 
as would be expected. This action of oxidizing agents on the sul- 
furous acid compound may be more complicated, however, and as in- 
dicated above may lead to the destruction of the pigments. 

Another point which also has a bearing on this question is the 
fact that wool which has been bleached by means of hydrogen per- 
oxide, whereby the coloring matter is supposed to be completely de- 
stroyed, appears to evince as much affinity for sulfurous acid as does 
unbleached wool itself ; consequently, it cannot be said that the com- 
bination of the sulfurous acid is one totally confined to the pigment 
matter in the fiber. 

Another explanation which may be offered to account for the re- 
turn of the yellowish tint to wool bleached with sulfurous acid when 

»Of course, we must also bear in mind the possibility that the yellowish tint reappearing 
on the bleached material is a coloring matter of quite a different nature than that originally 
present in the fiber, and may be caused by the development of other chemical bodies by the 
influence of atmospheric oxidation or exposure. Our knowledge of the subject is still 
uncertain and inexact, and is a fit suhicct for further chemical research 

* The older theory thaX the coloring matter of wool was decomposed by reduction 
through the action of sulfurous acid has been considerably discredited by the investigations 
of Ilarpf (harber-Zeit , ie;o 5 , p 88), who shows that the formation of sulfuric acid cannot 
be detected either in the w-ool or in the wash waters. We also know that in only very 
isolated cases are dyestuffs decomposed by sulfurous aeid, but, on the other hand, tend 
to form colorless combinations with the acid which, for the most part, are soluble in water, 
weak alkalies or soap solutions. 
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traces of the reducing agent are not entirely removed from the fiber 
by chemical treatment, is that the sulfurous acid has formed some 
chemical compound with the substance of the wool fiber itself, which 
gradually undergoes decomposition leading to the formation of yel- 
lowish products'. This view of the subject would account for the re- 
turn of the color to the wool, and would also account for the fact that 
the removal of the sulfurous acid by proper methods of oxidation 
leaves the wool in a permanently bleached condition. 

6. Oxidation Process. 

Ey the oxidation process of bleaching it is supposed that the color- 
ing matter in the fiber is chemically decomposed m such a manner as 
to be incapable of being subsequently reformed; consequently there is 
no danger of the color reappearing after the material has once been 
bleached. The oxidation method has long been employed in connection 
with vegetable fibers, hypochlorous acid in the form of some of its 
salts, such as sodium hypochlorite or chloride of lime, being used as 
the oxidizing agent. The use of such chlorine compounds apparently 
does not depend on the action of chlorine itself on the coloring matter, 
but is due to the action of chlorine on the moisture present, whereby 
oxygen is liberated in the nascent condition. It is this latter agent 
which really accomplishes the destruction of the pigment. This is 
evidenced by the fact that dry chlorine gas apparently has no action on 
the organic pigment in vegetable fibers, but in the presence of moisture, 
the effect ©f the chlorine becomes at once noticeable. Chlorine com- 
pounds may not be emi)loyed in connection with wool or silk, as the 
animal fibers combine chemically with the chlorine itself, giving rise 
to yellow products; so that wool, for instance, after being treated with 
chlorine or its compounds, is of a deeper yellow color than before the 
treatment. 

Bleaching by means of oxidation may also be carried out by the 
use of certain peroxides, such as hydrogen peroxide, sodium peroxide, 
and potassium permanganate, d'lie last substance corresponds to a 
peroxide in the sense that it contains a relatively large proportion of 
oxygen in its composition, and so united as to be capable of liberation 
very readily. Of these substances, sodium peroxide is the one mostly 
employed at the present time. It possesses neither the uncertainty 
of the sulfurous acid bleach nor the disagreeable features of the 
chlorine bleach, and, in addition, may be used in connection with all 
classes of fibers. Its bleaching properties are due to its capability of 
easily liberating nascent oxygen in immediate contact with the sub- 
stances to be bleached. 

7. Minor Processes. 

Other forms of bleaching have heen proposed from time to time. 
Some, which depend indirectly on the use of the electric current, like 
the electrolytic process, prepare a solution of sodium hypochlorite 
simultaneously with the bleaching action; a current of electricity being 
passed through a solution of sodium chloride, whereby sodium hypo- 
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chlorite is formed, and this serves as the bleaching bath. The use of 
electricity has also been suggested as a means of rendering chlorine 
gas more effective in its bleaching qualities ; the gas being conducted 
through an apparatus provided with two electrodes between which an 
electric spark is continually passing. This treatment is supposed to 
decompose the chlorine molecules into a simpler atomic condition, 
whereby tlieir chemical affinities become more active; but this 
method has never yet been introduced into practice, and grave doubt 
exists as to whether or not the elcctrirication of the chlorine increases 
the bleaching efficiency of that compound. Potassium permanganate 
has also been employed as a bleaching agent in connection with sodium 
bisulfite, and very satisfactory results have been obtained, though 
the method is generally more expensive than the other processes in 
more general use. Ozone has also been used as a bleaching agent, but 
its high cost of production is prohibitive to general practice, and it 
has also been found that ozone exerts a seriously destructive action on 
the textile fibers when employed in concentrations sufficient to be 
eff'ective in bleaching. 

8. Theory of Bleaching. 

Since all of the bleaching compounds acting under the oxidation 
method rely for their bleaching effect on the final liberation of oxygen 
either from the compounds themselves, or through the decomposition 
of the moisture which must be present, the question would naturally 
arise as to why oxygen itself would nut be a useful bleaching agent. 
There have been attempts made to employ ox}gcn in the free state as 
a substitute for chlorine and its coinpouiuls, but such experiments have 
not been attended with any degree of success wi!h the exception of 
where the free oxygen is used in connection w'ith sunlight, as in the 
‘"grassing” of linen. The exjilaiiation to be given as to wdiy free oxy- 
gen of itself is not an acti\e bleaching agent jirobably is that in its 
ordinary condition oxygen gas exists in a molecular state; that is lo 
say, two atoms of oxygen arc joined together to form a comparatively 
stable molecular conganind in which the cluanical activity of the 
oxygen atom is more or less neutralized. W hen acted upon by sun- 
light, however, in the presence of moisture, the oxygen molecule is 
jirobahly split up into the atomic condition in which its cheinical ac- 
tivity is greatly increased. This is also true of the oxygen wdiich is 
formed in the various chemical reactions of bleaching, wdiere it is 
liberated from its compounds, or indirectly by the bleaching agent 
from water; in these cases the oxygen which acts upon the material to 
be bleached is in the atomic condition at the moment of its libera- 
tion, or the so-called “nascent” condition. 

In experiments relating to the bleaching of paper-pulp,^ which were 
also extended, how'cvcr, to the bleaching of the jute fiber, it has been 
statcil that when a stream of oxygen gas is passed into a solution of 
chloride of lime, the bleaching efficiency of the latter is much increased, 
in fact the saving in the amount of chloride of lime necessary is stated 

* Thorne, Jour. Soc. Chem. Jnd., 1889, p. 82, 
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as being about 40 to 50 percent. With solutions of chlorine, oxygen also 
acts in the same manner, and when a mixture of the gases is conducted 
into water a considerable quantity of the oxygen appears to be absorbed, 
wliile the bleaching efficiency of the chlorine is raised 50 percent. 
The action of the oxygen in such cases may be that it reacts with the 
chlorine to form oxides of chlorine and perhaps free o/one, thus in- 
creasing the bleaching activity. It is somewhat remarkable, however, 
that if a solution of bleaching powder through which a current of 
oxygen gas is being passed is titrated with arsenious acid, the amount 
of the latter reagent is not increased. Probably the raison d'etre of the 
action of the oxygen must be sought for in the chemical behavior 
of the coloring matters which arc bleached; that is to say, in the dif- 
ference in the efTect of chlorine and oxygen on them. Reference has 
been made in a preceding paragraph to the method of increasing the ef- 
ficiency of chlorine gas as a bleaching agent by pa‘^sing it through an 
electric discharge; it may be that this increased efficicnev, if any, may 
be due to the formation of ozone through the action of the electric 
spark on the accompan}ing oxygen, and tlie mixing of this with the 
chlorine. 

g. Historical. 

The art of bleaching by chemical methods does not date back to 
more than comparatively recent times. The methods employed in 
antiquity, and even in more modern times, depended principally on the 
action of light and air on the coloring matters which it was desired to 
remove. It may also be said that bleaching, in the proper sense of the 
term, was almost entirely limited to the vegetable fibers, such as linen 
and ''otton, as wool and silk were considered to be sufficiently white 
for a>^ purposes, and only required a simple scouring operation. 

Pliny gives a description of the method employed bv the ancient 
Caids for the cleansing and whitening of their textile fabrics ; they 
made u'^e of an alkaline substance known as lixivium, which was ex- 
tracted from the ashes of burnt wood or other vegetable matter, and 
also apparently employed this alkali in combination with oils in the 
form of soaps. The fumes of burning sulfur fsulfurous acid) were 
employed for the purposes of bleaching at a much later date, and it 
was not until the latter part of the eighteenth century that chlorine 
and its compounds became known as bleaching agents. 

The primitive methods of bleaching (confined more especially to 
linen, as cotton was considered white enough for all general purposes) 
required the exposure of the cloth on large grassy meadows for a con- 
siderable period of time. This necessitated not only the expenditure 
of a vast amount of labor and time, but also the expense of land rent 
and the care of the bleaching fields was considerable. In tbe early part 
of the eighteenth cenlury extensive, bleaching fields were established in 
Ireland for the bleaching of linen. In the Irish method the alkaline 
liquors obtained from the ashes of sea-weed (kelp) were used for 
steeping and boiling the cloth. The steeping process usually oc- 
cupied several days, after which the linen was thoroughly washed and 
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spread out on the grass for a period of several weeks. The steeping 
or boiling in the alkaline liquors was known as “bucking” or “bowk- 
ing,” and the exposure on the grass was called “crofting.” In order 
to obtain a satisfactory bleach, these two processes were alternately 
repeated, often five to six times. After exposure on the grass, the 
linen was steeped for several days in sour milk, then washed clean 
and again spread on the grass. 

Before bleaching was taken up as a national industry in Ireland, it 
was practiced principally in Holland, and up to the mi4dle of the 



Fig. 2. — .Showing Antique Method of Boiling-out. 

eighteenth century it could almost be said that the Dutch held a 
monopoly of the bleaching trade for the rest of Europe, including 
also the majority of the linens manufactured in the British Isles. This 
transfer of the cloth from England to Holland and back again, to- 
gether with the time required for bleaching, occupied a period of 
about six months. 

Bleaching in Holland was conducted, for the most part, in the 
neighborhood of Haarlem, and the method consisted in a general way 
as follows : The linen was first steeped in a weak lye, and then in a 
hot potash lye for alxiut a week; after this it was given a thorough 
washing, and then .steeped in buttermilk for several days.® An ex- 
posure in a moistened condition on the grass for the several months of 

* The function of the buttermilk was to act as a "sour" or acid bath, the effective agent 
being the lactic acid present in the sour milk. 
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summer followed, and completed the bleaching oi 5 eration. The action 
of sour milk in bleaching was evidently due to its acid constituents, 
which rendered the impurities in the linen more soluble. This bene- 
ficial action of acids was realized by Dr. Home of Edinburgh, who 
showed that by substituting a dilute solution of sulfuric acid for the 
sour milk, better results could be obtained and at less expense. The 
treatment with dilute sulfuric acid for 24 hours gave as good results 
as steeping in sour milk for a week or more. Even with this improve- 
ment, however, the proper bleaching of linen goods required a period 
of four to six months. 

The Swedish chemist Scheele discovered chlorine in 1774, but it 
was not until 1785 that the bleaching properties of this gas were 
studied with reference to their commercial application. Berthollet was 
the first chemist to point out the commercial possibilities of chlorine 
as a bleaching agent for linen and cotton materials. An aqueous solu- 
tion of the chlorine gas was used, and the goods were passed through 
the hot solution ; but it was a number of years before the proper method 
of using the new bleaching agent was learned, and it did not come 
into general practice or favor until an alkaline solution of the gas 
was employed. This led to the discovery by Tennant, of Glasgow, that 
lime-water saturated with chlorine gas gave a very effective bleaching 
liquor. Tennant patented his process in 1798; but several years later 
he was prevented from reaping any material benefits from it by a 
legal decision against the validity of the patent. This process revolu- 
tionized the methods of bleaching, and cut down the time required 
from several months to a couple of days, or even less. Tennant, a 
few years later, was successful in manufacturing a dry chloride of 
lime or bleaching powder (as it was then called, and which name it has 
st'1l retained), obtained by saturating quicklime with chlorine gas. 
Tin's preparation rapidly came into favor as the principal bleaching 
agent for linen and cotton goods. 

The next steps in the direction of improving the methods of 
bleaching, both with respect to the quality of the goods and the time 
consumed in the process, was the introduction of suitable machinery 
to supplant manual labor. This led to a greater simplification of the 
processes employed and a more economical use of the various chemi- 
cals needed. The so-called '‘American Process” came into vogue 
about 1837, and with minor improvements, is still the method in gen- 
eral practice. In brief outline, this process consisted of singeing, 
washing, boiling under pressure with lime, souring with weak acid, 
boiling under pressure with alkali and resin soap, steeping in a solu- 
tion of bleaching powder, .souring again with weak acid, and finally 
washing, tinting and diying. 

Lime has been used since antiquity for the purpose of boiling out 
linen and cotton previous to bleaching, and on account of its efficiency 
and cheapness, it has always remained more or less in favor. In the 
middle ages, bleachers avoided its use owing to its liability to injure 
the fabrics; this was likely due to the absence of an acid treatment 
for the purpose of removing the excess of lime from the fiber.® 

•For a good resume of the history of bleaching, sec the Textile American, Vol, III, Nos. 
3. 4» and 5. 
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I. General Considerations. 

The ([iiaiitity of pure wool fiber existing- in tlie llcccc as it is sheared 
from the sheep will amount to only from 25 to 70 percent of the 
total weight of the Hcece.^ 'fhe (|nalily of the fiber will have much 
to do with this amount; that is, if the wool consists of fine staple fiber, 
such as full bloods, merinos, etc., it will contain a relatively larj^er 
amount of foreijj^n material than a w'ool consistini; of coarse stapled 
fibers, such as Territory, Lincoln, etc. 'fhis is due to the fact that the 
anmunt of ^ijrease exuded from the skin of the sheep into the fleece is 
greatly conditioned by tbe number of hair fibers growing on a definite 
area of the skin, for the sebaceous glands in the skin which secrete the 
greasy substances are located around the hair follicle, or root of the 
fiber; and hence, the more fibers per s(fuare inch of skin surface the 
greater will be the number of the sebaceous glands, and consequently 
the greater amount of grease exuded. I'he same condition is true 
of the amount of persiiiration which is thrown off as waste tissue by 
the sheep through the sudorific glands in the ‘'kin. Hence, it is readily 
seen that the finer the fiber, or in other words, the greater the number of 
fibers growing on the skin, the greater w'ill be the quantity of grease 
and dried-up ])erspiration which will evasitually be deposited on the 
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fleece. Furthermore, the amount of sand, dirt, vegetable matter, burrs, 
etc., which the fleece will acquire while on the back of the sheep will 
he proportionally greater, other conditions being the same, the greater 
the number of fibers and the amount of grease; for if the fibers are 
coarse and sparsely distributed over the skin of the animal, these for- 
eign matters will have less chance to be caught and held by the fleece. 
The breed of the sheep has also a considerable influence in determining 
the amount and character of the inipurilies to he found in the fleece. 



Fig. 3. — Typical Wool Fibers. 


.Some breeds of sheep secrete a larger amount of greasy matters than 
others, and in general it may be stated that the more highly the sheep 
are bred and the greater the proportion of blooded stock in the sheep, 
tlie greater will be the amount of grease found in the fleece. 

The geographical distribution of the sheep is also a condition in- 
fluencing both the nature and the amount of the impurities in the 
wool. The character of the soil and pasturage on which the sheep 
range has an influence in determining the amount and character of 
the greasy matters exuded through the glands of the skin, as well as 



BLEACHING 


H 

the nature and amount of the perspiration given off by the sheep. 
Wool grown in the Western States, where the soil is rather alkaline 
in character, appears to give less grease than wool from the eastern 
part of the country. The influence of the soil, climate, pasturage, etc., 
on the composition and extent of the greasy matters in wool is but 
indifferently understood, and would be an interesting question for the 
textile chemist to investigate. 

As to the accidental impurities, such as sand, dirt, burrs, etc., 
these will vary largely with the nature of the country in which the 
sheep are grown, together with the character of the vegetation, care 
of the sheep, etc. In sandy soils, of course, a greater percentage of 
sand will be found in the wool than that from soils of a less sandy 
nature. Wool from the southwestern part of the United States, 
which is grown on very sandy soils, is particularly contaminated with 
this impurity. 

Wools from South American countries, where the vegetation is of 
such a nature that the fleece becomes filled with cockle-burrs, spear- 
grass, etc., show a much larger amount of such accidental impuri- 
ties than wool grown in countries free from these wild vegetable 
growths.- 

2. Nature of the Impurities in Wool. 

It is customary to classify the impurities in raw wool under three 
general divisions : — • 

(a) Natural grease or yolk, coii^'istine'' of fatty substances insoluble in water, 
but soluble in volatile solvents and einiilsiried by alkaline and soapy solutions. 

(b) Dried-up perspiration or suinl (so called from the French word for 
sweat), consisting chietly of potash salts of various organic acids, soluble in 
water and easily reinove<l by washing. 

(c) Dirt and sand and vegetable mat}er which are mechanically enclosed in 
the fleece.^ 

The region round the breast and shoulders of the sheep appears to 
secrete greasy matters most abundantly, so it is apparent that diftVrent 
portions of the fleece will contain different amounts of yolk ; and the 
same is also true in a general manner of the amount of suint which 
may be found in various regions of the fleece. 

It is not customary in this country to make any distinction between 
yolk and suint, since in the usual methods of scouring wool in vogue 

* Many classes of the finest merinos and crossbreds contain a large amount of veffctable 
impurities in the greasy state; they mix with the fibers and become practically a portion of 
them. They consist chiefly of burr, but in addition seeds, twigs, leaves, grass, straw, 
heads of flowers, seed pods, sticks, etc., adhere to the fiber as the sheep pass or* rub against 
them. The practice of tying up fleeces with straw rope, and of having the woolpacks made 
from loosely-twisted vegetable fibers, also increases the amount of vegetable fiber in wool. 
The latter has been largely overcome lately by the better tying-up of the fleece, and the 
use of paper-lined and better packs. 

* Besides the ordinary natural impurities in wool, there will also frequently occur in the 
fleece pitchy or tarry matters which have been used for the marking of the sheep for 
purposes of identification. Pitch is very difficult to remove from the wool by means of 
soaps and alkalies. It is claimed, however, that by washinjj the wool in a solution containing 
about 3 parts of aniline oil per loo parts of water, the pitch will be removed; after which 
the wool may be scoured in the usual manner with soap and alkali. Other aromatic 
bases, such as pyridine and quinoline, may also be employed for the removal of pitch; 
but as aniline oil is soluble in water to the extent of 3 to 5 percent it is to be preferred. 
(H. Bunsel, Ger, Pat. 97,398 of 1896.) 
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in the United States both of these substances are removed in one opera- 
tion. Due to this fact the term '"yolk” has become a general one for 
all these natural impurities of the fleece. Perhaps a better distinc- 
tion in nomenclature between these substances and one which would 
lead to less confusion as to their proper meaning, would be ‘‘wool-fat’^ 
and ‘*wool-perspiration.'’ This distinction is a good one for the scourer 
to bear in mind, as these two substances are of entirely different 
origin, possess different properties, and behave in a different manner 
towards the various materials employed in the scouring of wool. It 
is only in a few foreign localities, such as Belgium and France, where 
a previous steeping operation is employed to remove and utilize the 
soluble compounds of the fleece, that this sharp distinction between 
yolk and suint is preserved. 

3. Wool-fat. 

This is a greasy substance of a brownish yellow color, and an 
odor reminding one of sheep, as would be most natural to expect. 
Wool-fat differs essentially in its properties from most other animal 
fats in the following features : The majority of animal fats, such as 
lard, tallow, etc., consist of compounds of glycerin with the higher 
fatty acids like stearic, oleic, and palmitic acids, and when these fats 
are boiled with caustic alkalies a soluble soap is formed, consisting 
of the alkali salt of the fatty acid, glycerin being also formed in the 
process. This reaction of a fat or oil with an alkali is known by the 
name of “saponification,” which really moans the formation of a soap. 
Wool-fat, on the other hand, consists in considerable part of an alcohol* 
like substance known as cholesterol, and docs not decompose when 
treated with caustic alkalies into a soap and glycerin, but is what 
might bo termed “unsaponifiable.” Ordinary animal fats, as is well 
known, are not only insoluble in water, but also do not readily form 
an emulsion with water ; that is to say, when a liquid fat is shaken up 
with water, a good emulsion * is not formed, as the mixture of water 
and fat will soon separate into two distinct layers on standing. In 
this respect wool-fat differs from the other animal fats in that it very 
readily forms an emulsion with water which is very permanent. If a 
small amount of wool-fat be placed in the palm of the hand, for in- 
stance, and rubbed with an equal quantity of water, a creamy mix- 
ture will soon be formed, which can easily be removed from the hand 
by washing with water. With warm water and with alkaline solutions, 
wool-fat forms emulsions with even more readiness than with cold 
water. This emulsifying property of wool-fat is a very helpful one 
in the scouring of wool, as it permits of the comparatively easy re- 
moval of the grease at low temperatures and with weak alkaline solu- 

jin emulsion of an oil or fat with water is meant a mechanical mixture obtained 
by agitation, whereby tlie fatty matter is broken up into minute portions which remain 
evenly disseminated throughout the mass of the liquid in such a manner that the fat does 
not collect together again and separate from the watery medium There is no actual 
solution of fatty matter in the water, but a simple division of the fat into small particles 
which renyiin suspended in the water. An emulsion usually has a milky appearance; in 
fact, milk is a good example of an emulsion. A good emulsion is one which remains 
permanent for a Tong time and under varying conditions of temperature. 
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tions. The majority of scourers do not recognize this property to 
its full signiticance, and think that it is the alkali which plays the 
chief role in the cleansing of the wool-fiber. 

In its chemical composition wool-fat does not appear to be a sim- 
ple compound, but evidently consists of a mixture of several different 
ingredients. The exact nature and character of tlie various constitU' 
ents of wool-fat have not been thoroughly determined; but it has been 
found that this substance may be separated into two general portions 
by a treatment with boiling alcohol. This liquid dissolves a part of 
the fat and leaves anothei' portion as insoluble. The soluble portion 
appears to consist in general of free alcohols, together with their 
compounds with several organic acids, among which may be men- 
tioned formic and acetic acids.^ 

The free alcohols arc not cholesterol and its related bodies, but 
consist of some of the lower alcohols, among which appears to be 
ccryl alcohol. That portion of the wool-fat insoluble in alcohol is 
soluble in ether, benzene, and carbon disulfide, and consists of 
cholesten*] and the salts of this body with several of the common 
organic acids. Some investigators have claimed that these latter acids 
arc chiefly oleic, palmitic, and stearic; but it is likely that these com- 
pounds ha\e been derived from the soap solutions employed in 
scouring the grease from the wool, and are not really constituents of 
the wool-fat itself; for in wool-fat derived directly from the fleece 
by solution in naphtha, these bodies have apparently not been found. 
If any considerable quantities of these fatty acid salts with cholestf^rol 
were present in pure wool- fat, this substance wmuld exhibit a greater 
iodine absorption equKalcnt, and would aho show a different saponifi- 
cation value, because these salts w'ould be rather easily saponified 
wuth caustic alkalies, being decomf^osed into a soltible soap and free 
cholesterol ; as this behavior is not the case, it casts a doubt on the 
actual occurrence of these bodies in w'ool-fat.*’ 

On account of the low iodine value of both the fatty acids and 
the alcohols, Lcw’kowitsch disagrees with the former prevalent idea 
that neutral wool-fat is a mixture of the salts of cholesterol with 
oleic and stearic acids. Reasoning both from the low molecular 


* Buislnc (Dingler’s Polytcclinxsche Journal, Vol 25 <;, p. 88) ntjtainrd ceryl fcrntate from 
\vf)ol grease by saponifying with alcoholic potash at ioo° C., then distilling ofT tlie alcohol, 
forming the barium salt, and treating with boiling alcohol. I.cwkowitLli, however, dis- 
putes this, 

* The following description of the chemical and physical constants of wool-fat are given 
by Allen and Lewkowitsch : 

Specific gravity fat 15 " C) .. . . 0 073 

Specific gravity (at 100® (' ) 

Solidifying point 3o“ C. 

Melting point to 42 * 0 . 

Saponification value ... • . 98 to 102 

Iodine value ... 26 to 29% 

Alcohols ■ ... 43 

Fatty acids 59-8% 

The constants for the mixed fatty at ids and ah ohois olitaincd from wool-fat are given 
as follows: 


Solidifying point 

Melting point 

Mean molecular weight .. 
Iodine value 


Fatty At ids Alcohols 

40® r. 28® C. 

. . 41.8® C. 33-5“ C. 

327 =1 239. 

... 17 % 3(>% 
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weight and tlie iodine values, he is of the opinion that lower saturated 
alcohols are present, and that the fatty acids cannot consist to any 
great extent of oleic acid, but rather consist of hydroxy-acids, as they 
readily give off the elements of water at temperatures slightly above 
ioo°C., with the consequent formation of inner anhydrides or lac- 
tones.'^ 

Salts of glycerin with the fatty acids do not appear to be present 
in wool-fat, and in its purified condition it is free from uncombined 
acids. Wool-fat, in fact, more resembles beeswax in its chemical 
nature rather than the ordinary animal fats, and on this account it 
would, perhaps, be better to designate it as “wool- wax. 

4. Degras. 

»When employed for the greasing or “stuffing” of leathers, wool- 
grease is generally known under the name of “degras.” This term, 
in the proper sense of the word, should apply only to the product ob- 
tained from wool-grease: but, unfortunately, the same term has also 
1 applied to quite a variety of oils and greases cm])loyed by tanners 
\iJ?^.y^'|ut any special distinction between tlie different origins of the 
||^^^^|cts so designated. The same term also is often taken to in- 
cT,^|,-f\what should more properly be known as “sod-oil.” This latter 
suDStance is entirely different in its composition and properties from 
wool-grease, as it is a manufactured greasy substance extracted from 
leather which has been curried with fish-oils, and contains a resinous 
substance in its make-up v/hich is not to be found in true “degras” 
from wool-grease. The confusion in the terms has probably arisen 
from the fact that in former times the sod-oil was known as degras, 
whereas, in later times, when wool-grease came to be employed for 
the sanr^ ourposes, it was also giyen the same name; and at the present 
time the wool-grease has taken to itself completely the name of its 
former substitute. 

As already mentioned, wool-grease has been employed for the 
greasing of horses’ hoofs, but some obicclion has been raised to its 
indiscriminate use in this direction, from the fact that a considerable 
quantity of the wool-grease appearing on the market contains rather 
a large proportion of free acid,^ which in time causes a deterioration 
of the materiaf of the hoof. Properly prepared lanolin or purified 
wool-grease, however, shotdd not be open to this obicction ; so when 
this material is used for the purpose here mentioned, care should be 
taken to see that it is free from such objectionable matters. 

5. Cholesterol. 

As already mentioned, this forms one of the distinctive ingredients 
of wool-fat and it has been isolated and studied v;ith more or less pre- 

I ’ Darmstnedtor .ind T.ifscluictz h.'ive cl.n’inrd to liavp isol.-itcd the following stib'^tances 
arom wool-fat: Lattoerrir acid, apparently h.ivinp the oheniital composition of C..(nH,;oO«, in- 
nluble in water, hnt r<adily soluble in hoilitiff alcohol Tt ctystalli/cs from its solution in 
Ke latter on conUntr in the form of thin plates having a meltiiifr point of 87 to 88® C. 
Wanopalmitic arid, of a nicUinp point of 87 to S8® C, and solidifying: at 83 to 83® C. to a 
WsU'ons crystalline mass Cajuavhic atid viyristir .uuMs were also discovered together with 

oily acid resemhlinp oleic acid. A volatile acid, which was proh.ahlv rnproic acid, was 
also isolated. Amonj? the alcohols present ramaubvl alcohol was definitely identified. 

•This results from the use of acid in the prciipitation of the wool-grease from the 
waste scouring liquors, and the subsequent imperfect purification of the grease. 
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cision by a number of investigators. It is a solid substance, an3 chena 
cally appears to be a monatomic alcohol containing as high as twent; 
six carbon atoms in its molecule. Besides its occurrence in wool-fa 
it also seems to be an almost universal constitueht of many anim 
tissues, being present in small quantities in several of the juices ar 
fats in the animal organism. It occurs, for instance, in the human ha 
and skin, in the feathers of birds, and in tissues of the blood, brain, ar 
the nervous system. 

At the present time cholesterol is prepared on rather a large sea 
from wool-fat, and is utilized chiefly in the manufacture of pharipacei 
tical salves, for softening leather, for belt dressings, and for the grea 
ing of horses’ hoofs, etc. The salves prepared from it are general 
known under the name of lanolin compounds ; ® and it is of vah 
for such use on account of the fact that it is a grease which is v^'i 
readily and completely absorbed by the tissues of the skin, and if the: 
are suitable medicinal principles incorporated with the grease, the: 
will also be absorbed and thus brought into the system. The peculij 
healing qualities of wool-grease have long been known, and this syl 
stance, together with a number of pharmaceutical preparations rn^ 
with It as an active constituent, have long appeared in the varif . 
pharmacopeias, both of ancient and modern medicine.^® In for^ie'r 
times it was largely prepared from gall stones, in which cholesterol 
occurs in rather large amount. 

Cholesterol also appears to be present in,' various vegetable tissues; 
it has been found, for instance, in the extract from beet-root. Its oc- 
currence has also been proven in various fish oils, and more espe- 
cially in cod-liver oil. In the animal system it appears to be more or 
less generally present in all biliary products. • 

Cholesterol may be prepared in the pure condition from wool- 
grease by boiling the latter "^ith an alcoholic solution of caustic 


•As preparations of purified wool-fat (known as lanolin compounds) gire coming into 
quite extensive use from the fact that large quantities of wool-grcasf arc now recovered 
which formerly were allowed to go to waste, it may be of interest at this point to 
describe the methods employed for the testing of these lanolin preparations. The purity 
of commercial samples of lanolin may be best ascertained, perhaps, by the application of 


the following tests: 

(a) A small quantity (from 2 to 3 grams) of the lanolin .sample is placed in a small 
flask, after which about 3 c c. of a 30 percent solution of caustic soda is added, and the 
mixture heated. Under these conditions, if the sample is pure, no ammonia should be 
liberated, which fact may be tested by holding a strip of moistened litmus paper at the 
mouth of the flask so that it may come in contact with the vapors being given off from the 
heated mixture of grease and alkali If the red litmus paper retains it.s color no ammonia 
is present; but if the test paper turns blue, this will indicate that ammonia is being evolved, 
and will show that the sample being tested is not of the required purity. 

(b) About 10 grams of the lanolin are mixed with about 50 c.c. of distilled water in a 

glass beaker and then heated on a water-bath. If the lanolin is pure in quality it should 
form under these conditions a dear oil. If the sample is impure the mixture will become 
bothy and turbid, , . , 

(c) If the sample of lanolin as tested above becomes oily, the oil thus separated should 

be free from glycerin. ' . 

(d) When the sample of lanolin is mixed with a small quantity of water, and the 

mixture well rubbed together on a glass plate, the resulting mass should be sticky and of 
the consistency of a paste, and should take up over roo percent of water. If the temple, 
however, is impure the mixed prrxluct will possess a soap-like smoothness, and will not 
adhere to a spatula when rubbed. ^ . 

Wool-fat was used as a recognized pharmaceutical preparation by the early Greeks, 
as mention has been found of it in the writings of the Greek physician Dioscondes. who 
lived in the first century of the Cliristian era. From his description of the substance it was 
evidently employed in the form of a thick emulsion wiTh water, and the product so obtained 
was known under the name of oesypus, which name it retained for a long time tmOfif 
pharmacists, even down to comparatively recent times. 
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potash, whereby the greasy matters become saponified to a certain ex- 
tent, *and the free cholesterol is liberated. It is then separated from 
,the other substances present by agitating the saponified mass with 
ether. This solvent dissolves the cholesterol, but leaves as an insoluble 
'.residue the saponified matters, which consist for the most part of 
sOti^ps. The ethereal layer is then removed and the solvent distilled 
dfif,J‘leaving the cholesterol. 

. , Pure cholesterol, as prepared from wool-fat, is insoluble in water, 
but readily soluble in hot 95 percent alcohol, from which solution it 
crystallizes in white monoclmic plates containing one molecule of water 
of crystallization. It is also soluble in ether and fatty acids, and in 
chloroform. From its solution in the latter solvent it may be crystal- 
lized in anhydrous needles. 

Though perfectly insoluble in water, cholesterol, nevertheless, mixes 
with about its own weight of water to form a solid emidsion, which 
shows no tende’ncy to separate into its respective constituents, even on 
very prolonged standing and exposure to widely varying temperatures. 

- piolesterol is somewhat heavier than water, having a specific 
gravity of 1.067. When in the pure anhydrous condition, its melting 
point is 145 °C. 

The chemical formula of cholesterol has never been ascertained 
with any degree of exactness, though from analyses of various 
samples of this substance it has been asserted that there are evi- 
’dcntly three homologues of cholesterol varying slightly in their chemi- 
cal composition from one another, depending on the exact source of 
the ‘product. These 4111*00 homologues have been given the following 
chemical formulas : C. C.<.H440, and The choles- 

' terol corresponding to the last formula was prepared from biliary 
calculi. 

- P»y cautious heating, cholesterol may be volatilized without decom- 
. position, and, furthermore, by proper heating, it may be distilled in a 
^ vacuum. The alcoholic solution of cholesterol is neutral in reaction, 
and it causes a left-handed rotation of the plane of polarized light; 
the specific rotation (for the sodium spectrum line) being from .46.6 
to 31.T, according to different observers. By the addition of a dilute 
solution of bromine in carbon disulfide to a solution of cholesterol 
in alcohol, a bromine addition product which may be called cholesterol 
dibromide may be obtained. It appears to possess the formula 

” From the investigations of Mauthner and Suida {Monadshefte, Vol. i5> page 85) on 
cholestcnc, Cirrlljo, Avliich is |>i csiim.ilily the hydrocarhon from which cholesterol is derived, 
it may be concluded that these compounds to which cholesterol belongs are capable of taking 
up only one molecule of a halogen, and that the saturated hydrocarbon from which they 
are 'derived may be represt nted by the formula C27H4H, and must, therefore, contain closed 
chains. There also exists in the nuclear portions of the compounds at least one asymmetric 
carb6n atom. 'Since no halogen acid is eliminated when the compounds are treated -with 
• alcoholic potash, the group — CH = CH — is absent, the remarkable stability of the com- 
pounds being probably explained by the presence of two directly linked carbon atoms, to 
each of which two other carbon atoms are immediately attachccl. The unknown position 
taken by the halogen atoms in the cholesterol molecule makes it uncertain whether all the 
closed chains m the compounds arc fully saturated. 

»By passing chlorine into a solution of cholesterol in chloroform cholesterol dichloride 
is .obtained having the formula CsrH^jOCla -f- H-O It becomes anhydrous at 100° C.. and 
melts at 136* C. By warming this cholesterol dichloride with acetic anhydride, a body 
known as cholesterylic acetate dichloride is obtained, having the formula CsrH^iGa.OCaHsO. 
(Mauthner and Suida, Monatshefte, Vol. 15, page 85.) 
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C2(,Ii440.Br. ; it may be isolated in the form of colorless needles having 
a melting point of I 47 °C. On treatment with reducing agents, such as 
stannous chloride in hydrochloric acid solution, it is decomposed into 
cholesterol and hydrobromic acid. An iodine derivative very similar 
to the bromine product has also been obtained.^^ 

Cholesterol is susceptible to oxidation when treated with a chromic 
acid mixture prepared from a solution of potassium bichromate in con- 
centrated sulfuric acid ; under these circumstances it is converted into 
a white amorphous powder, which apparently corresponds to oxy- 
cholic acid, having the formula )(.. In the same reaction there 

are also produced small amounts of various acids of the acetic acid 
series. 

Cholesterol behaves in a manner quite different from most other 
vegetable or animal fats and oils. While the latter compounds arc de- 
rivatives of glycerin with various fatty acids, cholesterol exhibits the 
chemical characteristics of an alcohol. A few considerations of the 
reactions of ordinary animal fats as compared with the corresponding 
ones of cliolc^^terol will ser\c to define this difference more clearly; 
glycerin is a substance ])osscs'^ing an alcoholic nature, and, in conse- 
quence, towards acids behaves after the manner of a mild base; that 
is to say, it is capable of combining with acids to ^ivc salts very much 
after the manner of ordinary alkalies. ffhe''e '^alts of glycerin with 
the acids commonly known as the “fatty acid^ ’ make up the principal 
constituents of the different oils and fats. When these glycerin salts 
arc treated with strong alkalies, wdiich have a considerable affinity for 
the fatty acids, the dormer are decomposed into free glycerin and 
the corresponding salts of the alkali with the fatty acids; the latter 
bodies being commonly known to us as “soaps.” I his reaction has 
been given, in chemical nomenclature, the name of “saponification” 
or “hydrolysis.” When cholesterol, however, is treated in this man- 
ner with caustic alkalies, no such sa]V)nification takes place; in other 
words, the cholesterol is sj)oken of as b('ing “un^aponitiable.” This 
reaction is an imj^ortant one to bear in mind, (n\ing to the fact that 
in many minds there is an errr)neous impres'-ion tliat in the treatment 
of the greasy matters on wool with alkalies there is a considerable 
sajionification of the wool-fat so as to form a soluble soap. The only 
actual saponification wdiich takes place in the scouring of w'or)l with 
alkalies would be that of a small amount of free fatty acid which at 
times is to be found in w^ool grease, and even in this case it is quite 
doubtful if any actual saponificatic.n takes place under the conditions 
wdiich exist in the scouring process, where the concentration of the 
alkali is rather low and the temperature is also far bedow the boiling 
point; and, furthermore, where the alkali emplo\'cd is not caustic soda 
or potash, but only the carbonated alkalies which under the circum- 
.stances would form .soaps with difficulty. 

The alcoholic nature of cholesterol is further evidenced by the fact 
that when boiled wdth about i to times its amount of acetic anhy- 

The ralrulatcd iodine absorption value of cholesterol is 68.3, and this has been closely 
approximated to in actual detcrimnations. 
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dride it is converted into an acetate,^* that is to say, being alcoholic in 
nature, in the same manner as already mentioned for glycerin, it will 
combine with acids to yield salts. Owing to the fact that the acetate 
of cholesterol thus formed shows that for each molecule of acetic acid 
there is required also one molecule of the cholesterol, we conclude that 
cholesterol is a monatomic alcohol,^® that is to say, it has present in its 
molecule only one group capable of combining with acids to give 
salts. Cilycerin, on the other hand, is what is known as a triatomic 
alcohol, as it combines with three molecules of acid. The acetate of 
cholesterol is nearly insoluble in cold alcohol, and only sparingly 
soluble in hot alcohol. In ether, however, it is readily soluble, and 
from this solution it may be crystallized in the form of small needles, 
having a melting point of 92 °C. A corresponding salt of cholesterol 
may also be obtained witli benzoic acid, being prepared by heating 
cholesterol with benzoic anhydride in a scaled tube to a temperature 
of 200°C. This cholesterol benzoate is also soluble in ether, from 
which solution it may be Crystallized in rectangular plates having a 
melting point of I 50 ^C.^^ It is only very sparingly soluble even 
in hot alcohol.^® 


On lioating cholesterol with acetic anhydride in a reflux apparatus and cooling, the 
acetate separates out in the foim of flocks; on crystallization from benzene, it forms groups 
of needles which melt at 113® C, and decompose at a somewhat higher temperature, losing 
acetic acid; water acts on it in a similar manner. (Rayman, Bulletin SociH& chimique, 
Vol 47, page 898.) . 

IJy heating cholesterol with phosphorus pentachloride cholesteryl ehlonde may be 
formed; it is obtained in the form of small scales melting at 96® C. (Rayman, Bulletin 
Soci^te chimique, Vol. 47, page 898.) 

Nitro-cholestcrol is obtained when a hot saturated solution of cholesterol in glacial 
acetic acid is treated with concentrated nific acid. It is a reddish yellow amorphous 
substance, melting at 9.3® C. without decomposition, and readily soluble in alcohol, ether, 
ammonia, and alkalies, but insoluble in water. (Reinitzer, Monatshefte fur Chemie, Vol, 9, 
page 421.) 

” Cho’ 'stcryl acetate, CjIIaOi-, appears to exist in three modifications; The first 

is ohtainc 1 by crystallizing it from solvents; when the crystals are warmed they become 
cloudy befi ’ ' melting, owing to the formation of a mass of crystals of the third modification. 
The second .nodification is obtained in the form of sphero-crystals when the melted substance 
is quickly cooled; if xvlene is added, the single crystals can be obtained in the form of large 
thin monosymmetric leaves. The third modification is formed when either of the other 
two is heated or when the melted substance is slowly cooled, (Reinitzer, Monatshefte fur 

Chemie, Vol. q, page 421,) . -.r , \ 

'* According to Ohcrmuller (ZcUschrift fur physiologische Chemie, Vol. 15, page 37;, 
the benzoate of cholesterol may be best prepared by the action of benzoyl chloride on 
cholesterol, and this preparation may be employed for the quantitative estimation of 
cholesterol. It has the formula of C27H45.C7H502 A similar compound may also be pre- 
pared from iso-cholesterol. If sodium (or potassium) is placed in an ethereal solution of 
cholesterol, a compound may be obtained known as sodium (or potassium) cholcsttroxide. and 
having the formula, C?7H4RONa (or K). Oberniiillcr also describes cholesteryl phthalate, 
CnIIi(COO r27H4B)2, prepared by he.atmg phthalic anhydride and cholesterol at 180 C. 
Cholesteryl benzyl ether, Cir7lT4,-iO (’7TT7, is prepared from sodium cholestcroxide with benzyl 
chlorule at loo® C. . , ■ j 1. 

Cholesterol ben/oate also exists in three modifications. The first is obtained by 
crystallization from a solvent, the crystals melting at a higher temperature than those of 
the other two modifications, and remain clear when heated; the second modification is 
formed when the melted substance is quickly cooled; the third is obtained by cooling the 
meltccl substance slowly. Both cholesterol benzoate and acct.ate show a peculiar color phe- 
nomenon when melted and then cooled. (Reinitzer, Monatshefte far Chemie, Vol. 9, page 
421) This peculiar property is explained by the assumption that these two bodies may 
exist' in the form of “liquid crystals.” They melt sharply at a definite temperature to milky 
liquids, and these on being further heated suddenly become dear, also at a definite tern- 
peratuie There are a few other substances known to po'^sess this same property in addition 
, to the cholesterol esters. The idea of the milky liquids being “liquid crystals” was deduced 
from the fact that the tuibid liquids obtained not only possessed the usual properties of liquids, 
but also possessed properties which h.ad hitherto been observed only in the case of crystalline 
substances; that is, the property of double refraction and of giving interference colors 
when examined in polarized lignt. . • • -i aa . 

Other esters ot cholesterol may be prepared in a similar manner. On boiling any of 
these c.sters with alcoholic potash they are readily saponified with the liberation of free 
cholesterol. 



22 


BLEACHING 


6. Iso-Cholesterol. 

In addition to cliolcsterol tlicrc also occurs in wool-fat a sub- 
stance of practically the same apparent composition to which has been 
i^iven the name of iso-cholcstcrol. It is probably a chemically isomeric 
body, as it has the same approximate formula as cholesterol, and re- 
seinbles the latter body in many of its properties and reactions. It is 
readily soluble in hot but only sparinj^dy so in cold alcohol, so that on 
cooling' its hot alcoholic solution it separates out in a jelly-like mass. 
The solution of iso-cholcsterol, however, differs from that of cholesterol 
in that it rotates the plane of polarized light to the right instead of to 
the left; its solufion in ether having the sjKcific rotation of 6o® to the 

In its chemical reactions, iso-cholcsterol is very analogous to choles- 
terol itself, as it forms salts with acids in the same manner, and both 
the acetate and benzoate have been ])reparc'd. The acetate is an iso- 
moryihous substance, but the benzoate can be obtained in fine crystalline 
needles having a melting point of too^C. The sc{>aration of iso- 
choles-erol from cholc‘^terol is brought about, in fad, by the prepara- 
tion of the benzoic acid salts. The mixture of the two bodies is 
heated for about thirty hours in a sealed tube at goo' C, with four 
times its weight of benzoic acid or benzoic anh\dridc The product 
obtained by this treatment consists of the benzoates of the two choles- 
terols, together with the excess of benzoic acid. The mass is ex- 
tracted several times wdth boiling alcohol, which dissolves out the un- 
changed benzoic acid and leaves the benzoates as an insoluble residue. 
The latter is then di'^^olved in ether, and the solution is allowed to 
crystallize by evaporation. 

' The cholesterol benzoate separates out in the form of shining rec- 
tangular plates, while the iso-chole>terol benzoate subsef|uently sepa- 
rates out in the form of a light crystalline jiowder, and in this maimer 
the tw’O substances mav be rather readily ‘^eparatc(l from one another. 

In order to obtain the free cholestcrols themselves, the separate 
salts are boiled with an alcoholic ««olution of caustic pota*^!], which 
decomposes the ^alts. vo that on ddution of the solution with water the 
free cholesterol sejiaratcs out. 

A rather remarkable fact observed in connection with cholesterol 
and iso-cholesterol i^ that though both f)f these bodies melt at about 
the same temperature. \et a mixture of the two has a lower melting 
point than either one of them separately. 

7. Tests for Cholesterol. 

As cholesterol is a common ingredient of all w'ool-fat compounds, it 
is of considerable interest to know' of some definite tests whereby this 
body may be identified and recognized. With this object in view, the 
following chemical tests arc given as being characteristic of cholesterol. 

fa) If a small sample of cliokstcrol bo dissolved in cbloroforin. and the 
solution treated with an equal volume of strong sulfuric acid, the liquid will 
exhibit quite an interesting color phenomcnoti. becoming first bluish red, then 
changing to violet, then to green, and finally to \ellow. T his test is a very char- 
acteristic one, and is known as Salkoivshi’s reaction. 
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(b) Another test known as the Lichcrnimn-Burchard reaction is the fol- 
lowing: The chloroform solution of the cholesterol is treated with a few drops 
of acetic anhydride, and then concentrated sulfuric acid is added drop by drop; 
the color of the liquid will at first become red, then change to blue, and finally 
become green. 

(c) A third test for cholesterol, which, however, is not so simple or so pro- 
nounced as the two above given, is the following. When a small (juantity of 
cholesterol is cautiously heated with a drop of concentrated nitric acid on the 
hd of a porcelain crucible, a yellow stain is produced; on the addition of a small 
amount of ammonia water to this a yellowish red color is obtained. Further- 
more, if a small quantity of cholesterol b(‘ placed on the lid of a porcelain 
crucible and treated with a drop of a mixture consisting of three parts of con- 
centrated hydrocliloric acid and one part of a ten percent solution of ferric 
chloride, and the mixture thus obtained be evaiiorated to dryness, a residue is 
obtained having a violet red color which rapidly changes to blue.^^ 


Iso-ohulcstcrol gives the same reaction as eliolestcrol itself with the 
nitric acid and ammonia test, hut it gi\cs no reaction with Salkowski’s 
test. With the Liehermann Ihtrchard test a yellow color is produced 
which changes to rtaldish yellow and at the same time exhibits a green- 
ish Huorescence. 

8, Wool-oil. 

llesides the greasy matter which is to he found on the external por- 
tion of the wool fiber, and commonly known as wool-fat, there is an- 
other kind of fat also present in the fiber, which, however, is of dif- 
ferent origin from that of the onlmary wool-fat; it also occurs in a 
different portion of the tiber, and performs a different function in the 
animal economy. The fatly matter here referred to had best be known 
under the name of wool-oil, and occurs in the internal structure of the 
fiber i. •^If, no doubt within or betw’een the cortical and medullary 
cells. 

Whereas the ordinary wool-fat is secreted by special sebaceous 
glands in the skin located around but entirely separate and distinct from 
the glands from which the fiber jiroper takes its growth, this wool-oil 
appears to be a secretion of the hair follicle itself, and therefore forms 
an intrinsic p;irt of the organic structure of the fiber. 

While the function of the wool-fat as an external coating on the 
fiber appears to be .solely that of a jirotective agent to prevent me- 
chanical injury and felting of the fiber during its growth, the func- 
tion of the W'Ooboil seems to be that of affording a proper internal 
lubrication within the cellular structure of the fiber, thus giving it 
the qiuilities of sujgileness and high elasticity. Tf it w^erc not for the 
jiresence of this oil within and betw'een the cells the fiber wmuld be 
brittle and inelastic, and it would also be harsh and lifeless, and with- 
out the characteristic resilience which is such an important quality of 

Accordinj? to Obcrniiillcr (Chcniisihc CentralbJdtt, i 8 go, p 209), the formation of 
•iliolestcrol propionate is the most ch.iraetei istic ami fleluatc tist for cholestciol, as the 
colors which this suhstance a‘!siimes dniinjf coolm^r are intense and distinct, and are also 
of longer duration than many of the other cholestciol leattions The tcbt i.s carried out as 
follows; 10 prams of eliolestcrol aie nultcd with s pr.nns of piopionic anhydride. The 
propionate, CoIIr, C'OO. ciystalli/cs in rhoniinc plates, and as the substance cools it 

pradually assumes the colors violet, blue, green, dark-gteen, orange, carmine, and finally 
copper-red. 



24 


BLEACHING 


the wool fiber, and which makes it so valuable as a spinning and 
clothing material. 

The removal of the wool-fat which is necessary for the purpose 
of manufacturing and dyeing wool does not appreciably affect the 
physical qualities of the fiber proper and hence the wool-fat cannot be 
considered in any sense as an integral part of the fiber, but, on the 
other hand, if the wool-oil is removed, the fiber becomes worthless 
for the purposes for which it is intended, and its physical properties 
suffer a great deterioration. 

The amount of wool-oil actually present in the wool fiber is rather 
difficult to estimate with any degree of accuracy, as it is hard to effect 
a satisfactory separation of it from the wool-fat for purposes of 
analysis. Its amount, however, has been variously estimated at from 
one to two percent on the weight of the fiber; for it has been found 
that this amount of oil is left in wool after it has been properly scoured, 
and if less than this amount is left, the physical properties of the 
fiber will suffer considerably. Tbe nature of this oil, either with re- 
spect to its physical or chemical characteristics, has never been investi- 
gated in any but a casual manner, though from the importance of the 
oil in the fiber as affecting its good qualities, such an investigation of 
its properties would necessarily be of considerable value. ““ 

From the remarks which have already been made concerning the 
part which this wool-oil plays in the structure and properties of the 
fiber, it will be readily understood that the scouring of wool, in what- 
ever form and by whatever means, should not be overdone ; that is, 
should not be carried to such an extent that not onlv the wool-fat is 
completely removed, but also the wool-oil within the fiber, as this would 
cause the latter to become harsh and lifeless. 

When the scouring is carried out by means of soap and alkalies, 
and at moderate temperatures, there does not appear to be much danger 
of carrying the scouring too far, and as a result remove the wool-oil 
unintentionally. This oil is ai)parently very readily soluble in such 
solvents as naphtha ; probably even more so than the external wool-fat 
itself, and hence the importance of the proper regulation of the solvent 
or naphtha process so as to obtain the desired degree of the removal 
of the fatty matters. Well-scoured wool should not have less than 
one percent of oil remaining in it, nor more than two percent. 

g. Suint or Wool Perspiration. 

It has been pointed out in a former paragraph that the wool fiber 
during its growth in the fleece becomes saturated with a considerable 
amount of the perspiration from the sheep’s skin, and that through the 
natural evaporation of this substance there was left in and on the fiber 


” Some observers have contcrulcd that any ffood evidence for the existence of a separate 
wool-oil are entirely lacking, and the claim is made that the lubrication of the fiber is 
brought about by a small amount of the ordinary wool-grease which interpenetrates the 
elements of the fiber, and that the oily matter which is left within the fiber under proper con- 
ditions of scouring is simply this absorbed wool grease, and there is no reason for assuming 
the existence of a special and different character of oil. The nrcsent author himself is 
somewhat sceptical as to the existence and identity of this so called wool-oil. The subject 
needs careful scientific investigation before the facts can be definitely ascertained. 
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quite a large amount of various potash salts or other mineral or 
solid matters originally present in the perspiration. This dried-up 
residue of wool perspiration is soluble in water, and, as before stated, 
consists principally of compounds of potash with various organic 
acids. 

The chief acids which have so far been identified in suint are 
oleic, stearic, hyenic and acetic acids; small amounts of chlorides, 
phosphates and sulfates are also present, together with minute quanti- 
ties of various metals. The residue left after the ignition of suint has 
been analyzed with the following result 

Percent 


Potassium carbonate 86.78 

Potassium sulfate 6.18 

Potassium chloride 2.83 

Phosphorus, silica, lime, etc 4.21 


It must not be thought, however, that because the ignited residue 
or ash of suint contains a large proportion of potassium carbonate, 
that this substance existed in that form in the suint itself. The potas- 
sium carbonate is derived from the ignition of the various fatty-acid 
salts of the original suint, and it is doubtful if any carbonate at all 
exists in that substance. This point is brought out because there are 
some who think that because potassium carbonate can be obtained from 
the ash of suint, the same substance must have originally been present 
in the wool, and consequently it has been stated on account of such er- 
roneous ideas that the previous removal of the suint, or water-soluble 
constituents of the impurities on the wool fiber, is not proper, for as 
it contains such a high proportion of potash (i.c., potassium carbonate), 
the uint would assist very materially in the scouring of the fiber by 
reasen of the alkali present. This statement is not only erroneous 
and misleading, but is also vicious; for far from being beneficial in 
the scouring operation, the potash salts actually present in the wool- 
suint are to a certain extent deleterious by reason of the fact that they 
introduce various metallic salts into the soap solution, causing a more 
or less hardening of the water, and a consequent neutralization of 
some of the scouring power of the soap. 

Since dried suint contains about 40 percent of mineral constituents, 
and as the majority of these consist of potash salts, it may be seen 
that the wash waters from wool might be utilized as a source of potas- 
sium compounds, and more especially potassium carbonate, and these 
possess a rather high commercial value. 

In this country the wash waters from wool arc not worked up for 
their potash salts,“^ and, in fact, where the soap process is employed 
for scouring the wool is not subjected to a separate washing opera- 
tion, whereby the potash salts are removed independently of the greasy 
matters and dirt also on the fiber. The discussion as to the recovery of 
the suint and the utilization of the potash salts will be taken up in a 

During the recent war when potash salts became very scarce In this country and 
consequently brought a higli price, wool scouring establishments in many cases installed 
plants for the recovery of the waste potash compounds, and this source supplied quite a 
good deal of potash for the needs of the country. 
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further section relating to the recovery of the by-products in wool 
scouring. 

The following analyses of samples of different kinds of raw wool 
by Marckt and Schultz exhibit the relative proportions of the various 
constituents present in the wool as it comes from the back of the 


sheej) ; — 

Sample i Sample 2 Sample 3 
Percent Percent Percent 

Water 2348 12.28 13.28 

Wool-fat . . 7.70 i 4.()6 34-19 

Suint 2r.4S 22.48 10.65 

Lime soaps ... 1.74 6.21 1.39 

I>irt 2.93 23.64 8.38 

Wool fiber 4320 20.64 32. it 


10. Lime Soaps in Wool. 

7 'he lime soaps that are found to be present in raw wool are doubt- 
less derived from the combination between the lime in the dirt and dust 
coming into the fleece, and the fatty acids that are [iresent to slight 
extent in the greasy matters of the fiber. 

As a rule, the amount of these lime soaps will dejiend dirc'ctly on the 
amount of dirt in the fiber, and those wools containing a large amount 
of dust and dirt will show a correspondingly large amount of lime 
soaps. Also, wools grown on soils where a good deal of lime is pres- 
ent will naturally have a larger content of lime soaps than those wools 
grown on soils of another character. 

It is not likely that the lime soa])s form a constituent part of the 
fiber itself, but are confined to the external impurities coating the 
fiber proper. There is. it is true, a small amount of lime to be found 
in the ash of the wool fiber which has been cleansed of all foreign mat- 
ter, but this is only a very small j)ro[)ortion of that which is present 
in tlie form of lime soaps. 

These lime soaps on the wool fiber are usuall}' overlooked by the 
scourer in a consideration of the foreign matter present; though they 
at times may have quite an important influence on the scouring, espe- 
cially when scouring by means of the solvent naphtha jirocess, whereby 
the greasy matters are extracted by being dissolved in naphtha. 

The lime soaps are of a sticky, insoluble nature, and arc rather 
difficult to satisfactorily remove at the best. They do not dissolve in 
naphtha, and form greasy precipitates wdien present in any large 
amount in this method of scouring. They are removed by being 
emulsified with soap and alkali solutions, and probably it is the alka- 
line carbonate present in tlie scouring bath (the soda ash or the potash, 
as the case may be), which best effects their removal. 

When any very large amount of lime soap is present in the fiber, 
probably the best method of treatment would be to pass the wool first 
through an acid bath in order to decompose the lime soap into the free 
fatty acid and the salt of lime corresponding to the acid used. Hy- 
drochloric acid perhaps is the be.st to use for this purpose, as the cal- 
cium chloride formed is very soluble in water and may be easily re- 
moved by washing. Care should be had, however, not to use too 
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much acid, as otherwise the wool will combine with some of the acid 
in such a manner tliat it cannot be well washed out, and as a result, 
when the wool is afterwards introduced into the soap scouring bath, 
some of the soap may be precipitated. 

Perhaps the safest method is to pass the wool tlirough a weak 
alkali bath after treatment with the acid and before entering the soap 
solution. If there is considerable alkali present in the scouring bath, 
however, there will be but little danger of any soap being precipitated 
by the acid, as the latter will be neutralized almost immediately by the 
carbonated alkali. Of course, this treatment with acid before scour- 
ing is only to be recommended in the case of wools which contain an 
unusually large amount of lime soaps. 

II. Water Soluble Constituents of Suint. 

The snint of wool is a very complex compound as is shown by an 
examination of its water scduhle constituents in which the following 
substances have been found: — 

(1) Free carbonic acid, probably derived from compounds formed by the 
action of the carbon dioxide of the atmosphere on substances in the suint. 

(2) Ammonium carbonate, no doubt formed through the fermentation and 
decomposition of nitrogenous matter in the suint. The latter substance, like 
urine, probably contains some urea, and this body readily decomposes into am- 
monium carbonate.*' 

(3) I’otassium carbonate, though whether this salt exists as such in the 
perspiration as exuded by the sheep lias not been determined , it occurs in only 
small amounts, and may be formed through the interaction of ammonium car- 
bonate on potash salts of the suint. 

(4) Various volatile f.itty acids, ineluding acetic, propionic, butyric, valeric 
and capronic acids. These do not occur in the suint in the form of the free acids 
tliemselv s, but as the potas'.ium salts of these acids. Indications also point to 
llie prese \ ■ of capric acid. 

(5) liiglicr fatty acids, including amanthic, caprinic, oleic, stearic and 
cerotinic acids. These are also present in tlie form of potassium salts. 

(6) Jnatty matters of uncertain composition and existing in the state of an 
emulsion. These matters are probably an emulsion of some of the free choles- 
terol of the wool-fat witli water. 

(7) I’henol, existing in the form of potassium sulfonate of phenol. The 
occurrence of this substance is rather remaikable, and it is more probably an 
accidental impurity than a naturally occurring substance m wool-perspiration 
itself. 

(8) Lactic acid, which also probably exists in the form of its potassium salt. 
Glycollic acid is also claimed to have been found. 

(y) Lenzoic acid; this also occurs in the iicrspiration of other animals. 
It is probably derived trom the oxidation of ar.miatic phenolic bodies. 

(10) Oxalic acid, which is a common form of the decomposition product of 
organic tissues. 

(11) Succinnic acid and malic acid in the form of potassium salts; probably 
pyrotartaric acid is also present. 

(12) Uric acid is generally to be found in all sudorific excretions. Hippiiric 
acid is also present. 

** Buisine. Comples icndw:, Vol. 103, p. 66. 

According to Buisino {Comptes rendus, Vol. 104, n. 1292), a fresh aqueous solution of 
wool-suint contain.s veiy lilile ammonia, but after standing for some tune the proportion of 
tins alkali inLrui^,es conMder.il)ly It apparently results from the decomi»osition of urea 
and exists in the foim of larhonate and :s completely expelled by boiling. In addition to 
ammonia, the vapor given oil when the solution of suint is boiled coiilains monomethylamine 
and tnmethylamme. the pioportion between the three alkalies being ammonia 95 monomethvl- 
annncr4, and trimethylamine i. . > / 
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(13) Various amido-ackls, including glycocoll, leucine and tyrosine; prob- 
ably derived from decomposition products of the skin-tissue or of the hair itself. 

(14) A coloring matter, apparently quite similar to that occurring in the 
urine. 

The suint in an Australian wool in 100 parts of dry residue gave 
J?".! parts of acetic acid, 4 parts of propionic acid, 2.6 parts benzoic 
acid, 2.5 parts of lactic acid, and i part of caprinic acid. 

From 1,000 pounds of an average raw wool there may be obtained 
by extraction with warm water sufficient suint to yield a residue, after 
evaporation of the steeping liquors, of about 140 to 180 pounds. On 
the ignition of this residue there may be obtained as much as 70 to 90 
pounds of potassium carbonate, and about 5 to 6 pounds of the mixed 
sulfate and chloride of potassium. It may said, as a general state- 
ment, that the amount of potash salts to be derived from raw un- 
washed wool will be about 10 percent of the weight of tlic wool. 

12. Natural Coloring Matters. 

The great majority of sheep’s wool is nearly always white in 
color, although it may occur in various natural colors, running all 
the way from light brown up to gray or even black. Even the so- 
called “white” wool, however, has a small amount of pigment matter 
in it, which gives it a slight yellowish brown tint which it is the 
object of bleaching to remove. The natural coloring matter of wool 
appears to be somewhat differently distributed through the fiber than 
is the case with artificially applied dyestuffs. 

When occurring in the natural condition, the pigment matter seems 
to be contained particularly in the cells of the cortical layer and in 
those of the marrow or medulla in a granular form, and to occur to a 
greater extent in the medullary than in the cortical cells. In fibers 
which have but a small amount of coloring matter present usually 
show the cell-wall as practically colorless, and the pigment matter 
exists as a solid substance sharply differentiated from the substance 
of the cell itself. In fibers, however, which are strongly colored, the 
walls of the cells themselves also appear to be impregnated with the 
coloring matter. In wool which has been artificially dyed, however, 
the cell-walls arc nearly always uniformly colored, and as a conse- 
quence the medullary cells or marrow become less pronounced in their 
outline and cannot sometimes be distinguished from the cortical cells; 
but with naturally colored wools the medullary cells are usually ren- 
dered more distinct and prominent in their outline by reason of the 
deposit of pigment matter within the cells. 

The composition and properties of the natural coloring matter of 
wool has received but little attention from chemists, and little definite 
information can be stated concerning it. It does not, however, appear 
to be a very permanent color, as it does not withstand the action of 
most chemical agents as well as the majority of the artificial dye- 
stuffs ; it does appear to possess, however, a fair degree of fastness to 
the action of dilute acid and alkalies, but towards light it is not espe- 
cially permanent. Whether this pigment matter is a simple chemical 
substance or a complex mixture of several distinct bodies is not known. 



Chapter III. 

Scouring of Wool. 

1. The General Theory of Wool Scouring. 

Wool has been employed as a textile fiber from very early times, 
and therefore the proper methods of cleansing it from its adhering 
impurities would naturally be a subject of much consideration, for it 
is practically impossible to work up the fleece of the sheep through the 
various manufacturing operations leading to the production of a 
woven fabric without first cleansing the fiber to a treater or less 
degree.^ 

In some instances wool is washed in the fleece while still growing 
upon the sheep. When this is done, simply running water is employed, 
the sheep being driven into small streams and washed more or less 
thoroughly. This treatment results in the removal of most of the mis- 
cellaneous dust and dirt imbedded in the fleece, though there is also 
a considerable removal of the soluble salts of the suint, and a certain 
amount of the wool-grease is also emulsified and carried off. These 
washi i fleeces, however, still have considerable grease and other im- 
puritic' left in the fiber and have to undergo a preliminary scouring as 
well as unwashed fleeces. 

2. Steeping of Wool. 

A distinction is to be made between ‘Svashed’’ wool and “scoured” 
wool : the former indicates wool that has been washed on the back of 
the sheep before shearing,^ whereas the latter is used to designate wool 
that is washed free from impurities after shearing. In washed wool a 
large projjortion of the soluble suint containing most of the inorganic 
matter and potash salts is removed together with a small amount of the 
wool-grease which comes off in the form of an emulsion. Such wool, 
of course, is still in a rather greasy condition when it comes into 
trade and has to be scoured like ordinary raw wool. The wool is 
washed in the fleece in order to lessen the weight of impurities and 
thus save freight; it also gives a better looking and more salable 
product. The^ washing is usually carried out with warm water and 
.it is not practical to conduct the process in a very thorough manner. 

* Before the raw woo] is scoured (or even washed if it is to be previously steeped) 
it is usually opened up and freed as far as possible from sand, dirt and similar foreign bodies 
by being passed through a machine called a “wolf.” This consists essentially of rapidly 
rotating rollers provided with heavy iron teeth and also with a strong blower fan or air 
auction to fake away the dirf. ^ 
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The scouring of wool in European establishments is usually con- 
ducted somewhat differently than it is here in America, as it is custom- 
ary to employ a steeping or washing process previous to the scour- 
ing with soap and alkalies. This permits of the removal of most of 
the soluble suint and a great deal of the miscellaneous dirt. In this 
washing lukewarm water (i 40 °F.) is used and the operation is' so 
conducted that the raw dirty wool is first washed in water that has 
been already used for a previous lot and then washed again in a fresh 
water. In this progressive method of steeping about Tnir different 
baths are used, so that the last dirty water is hilly charged with dis- 
solved suint, and this may be used subsequently for the recovery of the 
potash salts. There is always a certain amount of grease removed in an 
emulsion form at the same time, and this contaminates the salts. Ap- 
paratus so constructed as to autornaticallv wash the wool in this man- 
ner is quite extensively used in Europe.^ The ai)paratus consists es- 
sentially of a series of tanks and is pro\!ded with s(|uceze rolls at the end 
of each tank. The raw wool is entered in tlie first tank and is carried 
progressively forward through warm water by moving rakes, |)asses 
through the scjueeze rolls and into the second tank, and so on. Fresh 
W'arm waiter is introduced in the last tank and flows forward to the 
first tank in a direction op])osite to that of the wool, becoming thus 
more and more charged \vith the wool suint and finally runs off in a 
saturated condition from the first tank. 

Another process, though using first cold and then warm water, is 
that of Malard.^ A further process with suitable apparatus is that of 
Schuman.^ 

In America the preliminary steejiing or washing process is seldom 
used, but the raw dirty wool is placed directly in the soap scouring 
bath. The advantage of the European process, of course, lies in the 
fact that it is comparatively easy to recover the potash salts from the 
concentrated steeping liquors, an<l also that the wool entering the soap 
bath is fairly clean and therefore the scouring licjuor does not so 
soon become too impure for use owing to the suint and dirt coming 
off with the grease. In this wav the valuable soap is more efficiently 
used in scouring as the soap baths can be used on a greater amount of 
wool. The American system, on the other hand, has less processing 
of the wool, less installation and less labor. 

To recover the potash from w'ool steeping liquors these are evapo- 
rated to dryness either by boiling down in open pans, or better in 
vacuum evaporators, d'he pastv mass so obtained is then dried and 
calcined in a suitable oven. This usuallv gives rise to badly smelling 
gases.® The yield of the raw potash salts varies greatly, depending on 
the character of the wool, but is usually about 6 to 8 percent on the 

*Sce Bernhardt, Ger. Pals. 175.421; 177. and i 79 . 4 o>; and Fr. Pat. 345. 7i8. Also 
see Jahres Hertchtv, 1906, p 381; 1^)07, p j86; and iyo8, p. 348; also Zcit. Farb. Ind., 

^ * Ger. Pats. 218.522 and 230,299; also Farb. Zeit., 1907, p. 2 and Flsiiss. Tcxlil. Dlatt, 

225,669 and 229,710; also Chemiher Zeit Rep., 1910, p, 528, and 191T, p. 80, 

“For the disposition of which see Zahn. Ger. Pat. 206,747; also Jahres Bcricht., 
1909, p, 383. 
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weight of the raw wool. A typical analysis of the raw potash salt 
is as follows : 


Potassium carbonate 
“ chloride 

“ sulfate .. 

Sodium sulfate 

Insoluble matter . . . 
Organic matter 


Percent 

.. 78.5 

•• 57 

2.8 
.. 4.6 

. . 5.0 

. . 3.0 


A large number of processes have been patented for the utiliza- 
tion of wool steeping liquors, such as for the preparation of ammonia, 
potassium cyanide, potassium ferrocyanide, fatty acids, etc. 

3. Action of Alkaline Liquids. 

The use of alkaline liquids for the purpose of removing the greasy 
materials from wool has apparently been of long practice. Infusions 
of the barks of certain trees which are capable of yielding a liquid pos- 
sessing saponaceous qualities were probably among the earliest forms 
of soapy liquors used for scouring. Stale urine, known under the 
name of lant, was also largely used for this purpose at one time. In 
fact, lant has been used up to rather recent years as a scouring agent, 
and no doubt there arc isolated instances of its use even at the present 
time. The offensive nature of lant, however, militates greatly against 
its use in modern mills, as it generally leaves the wool with a dis- 
agreeable odor and a }elIowish discoloration. 



In the scouring of wool we must bear in mind the fact that the 
impurities are present in several forms. The fatty, insoluble matter 
forms a protective layer on the surface of the fiber, which enables it 
to resist to a considerable degree the action of water; consequently, 
when wool is steeped in cold water, only a very small amount of the 
impurities are removed, with the exception of the loosely-adhering 
earthy matters, such as dirt, dust, etc., which are mechanically detached 
f^om the surface of the fiber by the action of the water. On steeping 
in hot water, however, especially if accompanied with suitable agita- 
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tion of the fiber in the liquid, almost all of the soluble matters (such 
as the potash salts, etc.) pass into solution, while at the same time a 
considerable portion of the wool-grease is emulsified. A small amount 
of the dirt and the soluble potash salts is still left enclosed in the fatty 
matters which remain in the wool. If the fiber, which is thus partially 
cleansed, is treated with a solution of alkali or soap, the greasy matters 
become completely emulsified, and are thus removed by the accom- 
panying action of the water present. A previously pointed out,® wool- 
fat is not readily saponified, and even when comparatively strong solu- 
tions of alkaline carbonates are employed, it is doubtful if any consid- 
erable amount of the fat is actually saponified and removed in the 
form of a soluble soap. It has been noticed, however, that wool-fat 
easily forms a stable emulsion with water, and in the presence of alka- 
line substances or soap the emulsification is greatly accelerated. There- 
fore, we must regard this method of wool scouring as an emulsion 
process, the greasy matters being held in suspension in the alkaline 
liquid, and not dissolved to any extent."^ 

It may be said, in general, that soap solutions arc by far the most 
efficient scouring agents in connection with the proper cleansing of 
wool, as these solutions have little or no action on the good qualities of 
the fiber which it is the object of the scourer to retain as far as possi- 
ble, while at the same time such solutions remove the greasy matters 
and dirt more cfTcctively than any other agent. Solutions of the car- 
bonated alkalies (soda ash and potash), which are also extensively 
employed for the scouring of wool in conjunction with solutions of 
soap, always exert a more or less deleterious action on the strength, 
elasticity and luster of the wool fiber, nor do such solutions remove the 
grea and dirt with as much readiness and thoroughness as do so- 
lutior'*^ of soap.® .Solutions of the caustic alkalies are also capable 
of emulsifying and removing greasy matters, but as their action on 
the wool fil)er itself is a very bad one, they can scarcely be legitimately 
considered as scouring agents for this class of work; nor, in fact, 
is their cleansing action as thorough as that of soap solutions. 

* See page 15. 

^ A i>eculiar method suggested for the scouring of wool without the use of alkalies or 
soaps IS the following: The material to be scoured is mixed with a quantity of dry, 
pulverized infusorial earth (kieselguhr), and is then heated to a temperature about 10“ to 12® 
above that of the melting point of the greasy materials in the wool. By constant agitation 
of this mixture it is claimed that the fat is melted and absorbed by the infusorial earth, 
which is of an exceedingly porous and absorbent nature (August Eberz, Ger. Pat. No. ^2.884 
of 1884). 

During the past few years a similar me^thod of w'ool scouring has been worked out in 
the United States, the raw greasy wool being agitated with finely pulverized gypsum. This 
mateiial being very absorbent, takes up all the grease, dirt and other impurities and is 
said to leave the wool in a perfectly clean and uninjured condition. It is understood that 
this process is now being carried out on a large scale with much success in this country. 
The wool fiber is said to be left in a much better condition than when scoured by the 
usual processes, as it is not subjected to alkaline liquors and hot solutions of soaps. It is 
also easy to recover the grease and other by-products from the gypsum used in the process. 
The details of the process arc described in U. S. Patent 1,323,641 to the United States 
Wool Co. 

For the degreasing of wool by the use of infusorial earth also see A. Born, Ger, Pats 
143.567, 149.825 and 151.238 (see .also jahres licncht.. 1904. p. 385). By the use of a 
suitable machine the wool is very intimately mixed with finely powdered infusorial earth. 
This is said to absorb all the suint and grease The material is then run through a “wolf” 
provided with a strong air-blast and exhauster so that all the eaithy matter is dusted from 
the wool, leaving a pure clean fiber. 

*Jour. Soc. Chem, Ind., 1905, p. 659. 
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4. Action of Soaps. 

According to Berzelius ° the usefulness of soaps in scouring de- 
pends upon the facility with which neutral soaps decompose on solu- 
tion in water into “acid soaps” and free alkalid® In this connection 
it may be explained that hy a “neutral soap” is meant one in which all 
of the fatty acid present is exactly neutralized or combined with the 
alkali from which the soap is made. In order for a neutral soap to be 
partially resolved into an acid soap and free alkali when dissolved in 
water, it would be necessary that one or more of the molecules of the 



base (the alkali, which may be either soda, Na/), or potash, 
depending upon the nature of the soap) be s])lil off from its combina- 
tion with the fatty acid, and be re])laced by a hydroxyl group sup- 
plied by the water present; at the same lime, the remaining hydrogen 
atom of the water would combine with the alkaline base to form free 
caustic alkali. 

® Chem Rev . Vol 14, p 

’“If a ncntral tar<fiilly picpared nn<l pnrifiMl so ns iif)t to contain any free alkali 

or unconibincd fatty acid, is diss(dv«<l m a little ii<tt \\at( r to a cl<ar solution, and a con- 
siderable quantity of cold distilled water is a<iibd, there is jiroduced a niaike<l turlndity due to 
the formation of an insoluble aenl siKip, whili some caustic soda siimillancously f^oes into 
solution. Only a small part of ilu- si.,ip rlissoK<d is alftcttd hy this chriiiKi . winch is 
frequently descnbi d as the “hvdrol>sis” of S(,ap As a inn{?h estimate, and dealing with the 
average strength of soap solutions used for washing purposes, the amount of alkali liberated 
in this way would not be more than from two to five grains of caustic soda (NaOII) per 
gallon, a quantity which, under ordinary eireurnstaiiee s, would speedily be conveited into 
.sodium carbonate by carbonic aeid piesent in the water An experiment to show this 
formation of traces of alkali may be made ns follows' 'fo a small volume of warm and 
fairiy strong sejap solution add a drop or two of ^ihe nolphthalun, with whieh any ordinary 
soap will give a r< d color, ami then add very dilute svilfiinc aeid until the red color is 
just discharged If the solution is now diliite«l with a eonside rahlc volume of distilled 
water free fiom any acid, the r< d color will he rt stored to some extent, showing the 

presence of alkali liherateil by dilution A more (<rtain way of showing this is to dissolve 

.some soap in alcohol, to filter the solution, and to add to the filtrate a drop or two of 

phenolphthalein If a red color is jirodiued. add acid until it is just discharged; hut if no 

color is seen, add w« ak caustic alkali until a vtiy faint pink tinge is seen. On now diluting 
with water, the liberate <1 alkali will give a full re«l color with the indicator The extent 
of hydrolysis varies with dilTcrcnt soajis, with the temperature, and with the amount of 
water added. 
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As the fatty acids and the bases from which soaps are made are 
boll) monovalent in character, it is difficult to understand just how such 
a decomposition of the soap witli water coijld lake place. If the base 
were of a polyvalent character it would easily be possible to have an 
acid soap formcfl by double decomposition with water, or if the acid 
were of a polyvalent character it would be possible to have a basic 
soap formed in the same manner. The only manner in which this 
idea of the formation of an “acid soap” may be represented is to con- 
sider that some of the molecules of .soap are decomposed into free 
fatty acid and free caustic alkali by the action of the water, while the 
remaining molecules of the soap are not so decomposed 

I-' atty A cid Ra dical: NaO d- H.OH = Fatly Acid Radkal : OH -b Na.OH 

soap water free fatty acid '7r^ 

caustic 

alkali. 

Such a conception would be in entire accord willi the theory of 
chemical dis.sociation of dis.solvcd salts (for a .soap may be considered 
as a salt of .sodium with a fatty acid), but the .same condition could be 
realized by taking a .solution containing the .same relative amounts of 
soap and caustic alkali, and from |iractical experience it has been 
found that such solutions do not act in the same manner as solutions 
of snap. 

An accurate (letermination of the amount of alkali liberated when 
soap is dissolved in water is diflicult, hut the following table ^ives de- 
terminations made with specially prepared neutral soaps, dissolved 
in the jiroportion of i part of soap to 400 parts of water, the amount 
of 'Ikali set free beiii" »iven as percentage of the total alkali origi- 
nal!) 'oinbined in the soap: 


Temperature 

^^eaps 50" F. 104° F. iq2° F. 

Cocoaiuit oil 5.8 1.6 S.S 

Cottonseed oil 6.2 8.1 104 

Palm oil 74 73 g.6 

Peef tallow 6.8 85 to 2 

Sodium oleate 7.1 5.7 4.1 


Too much importance must not be attached to these figures, as dif- 
ferent results may be obtained by varying the conditions of the ex- 
periment; but as a general rule, soaps made from glycerin compounds 
of the fatty acids having high molecular weight are more readilv 
hydrolysed than those from fats containing acids of lower molecular 
weight. Sodium oleate differs in being more hydrolysed in cold than 
in hot solutions. 

Neutral soaps dissolve in strong alcohol w ithout apparent change, 
and the presence of glycerin somewhat lessens the degree of hydrolysis. 
There is little or no difference between potash and soda soaps in their 
behavior with w^atcr in this respect.^^ 

” The recognition of the f.ict thr.t do undergo a change when dissolved in water 

has led to the suggestion that their efficiency as detergents may be considered to be partly 
due to the action of the liberated alkali on the grc.ose which accompanies most dirt. In 
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Persoz assumes that “neutral soaps” are soluble in hot water with- 
out decomposition, but in cold water they are resolved into “acid” and 
“basic” soaps, and that the latter remove or dissolve the fatly mat- 
ters by a process of saponification. But in this connection it may be 
said, apart from the loose use of the terms “acid soap” and “basic 
soap,” that a basic soap would in all probability have far less power 
of saponification than free caustic alkali itself, as the alkaline or basic 
character of the caustic alkali has already been partially satisfied by 
combination with fatty acid; and, furthermore, at the low concentra- 
tion and temperature at which the scouring solution is employed, even 
caustic alkali itself would effect very little saponification of a fat, and 
it would be expected that the “basic” soap would have still less action. 

Rotondi, in order to explain why hot soap solutions are more ef- 
fective than cold ones, claims that neutral soaps on solution are de- 
composed into “basic” and “acid” soaps, the latter being insoluble in 
cold and only slightly soluble in hot water. The “basic” soaps, on the 
other hand, are completely soluble in hot and cold water, and their solu- 
tions, on heating, dissolve “acid” soaps, and furthermore, they emulsify 
fatty matters readily, though no actual saponification of the latter 
takes place. “Neutral” soaps, however, possess this property only to a 
slight extent, and “acid” soaps not at all. 

These complicated chemical explanations endeavoring to account 
for the cleansing action of soap solutions appears to the author to be 
without either satisfactory theoretical or experimental foundation. 
All of these explanations tend to the point of view that such cleansing 
action is due to an alkalinity (causticity) in the solution arising either 
from the formation of free caustic alkali itself or from the formation 

dealing with alkalies, it has been pointed out that the amount of saponification of grease 
produced by weak alkaline solutions in the conditions m which tluy arc used is very 
slight, and that their effects arc to be attributed rather to their powers ot emulsifying fats 
and oils. , , . 

As the property which soap also possesses of making emulsions with grease is increased 
in a marked manner by the addition of small amounts of alkali, the hydrolysis of part of 
the soap employed may be. therefore, considered to supply the alkali required to raise the 
emulsifying power above tnat which is inherent in the soap alone. If this were all that 
has to be considered, it might be expected that those soaps which are more readily hydrolysed 
than others would be the best detergents. This appears to be true in a general sense, so 
far as strictly comparable soaps are concerned — that is to say, alkaline salts of fatty acids 
of the same senes {e.g., launc, myristic, palmitic, and stearic acnls), jirovided equivalent 
quantities are taken, and the temperature of the water is warm enough to hold a reasonable 
amount of sparingly soluble soaps, like sodium palmitatc and stearate in proper solution. 
But it would not necessarily be true to ascribe the rather greater detergent nower of soaps 
derived from acids of relatively high molecular weight to their increased hydrolysis alone — 
i.e., to the greater amount of alkali liberal d by the actum of water on them— for these 
soaps by themselves have emulsifying properties superior to the soaps of lower fatty acids, 
and also furnish a lather more readily if used under suitable conditions 

Oleic acid, which belongs to another series of acids, furnishes soatis of considerable 
solubility in water, and potassium oleate is about two and a half times as soluble as 
sodium oleate. If equivalent quantities of these and of soaps from other common fatty acids 
arc taken and a number of comparative experiments are carefully made, it will be found that 
the detergent properties of the olcates, both in cold and hot solutions, arc sensibly the 
greater. This cannot be attributed to increased hydrolysis, which is about the same as 
that of some of the others m the cold, and becomes less as the temperature rises; moreover, 
the same superiority is found using equivalent amounts of the various soaps m solution in 
strong alcohol. The difference must, therefore, be due to the greater inherent emulsifying 
and perhaps lathering power of the olcates, and to other properties which will be dealt 
with presently. With regard to lathering, experience shows that a good washing soap 
should give a full lather, but this should probably be looked upon as a sign of other useful 
properties rather than as a necessity in itself. . 

So far then the behaviour of soap as a detergent has been ascribed to its own inherent 
power of ’emulsifying grease, aided by that of the alkali liberated by hydrolysis, the dirt 
being either carried away clinging to. or enclosed in, minute oily globules, or more frequently 
freed from a slight binding coating of grease, and removed separately in the soapy liquor. 
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of a so-called ^‘basic soap/* In experiments relative to this subject the 
author has found that solutions of free caustic alkali, as well as mixed 
solutions of caustic alkali and soap, do not cleanse wool as well as 
plain solutions of soap alone. It is the author’s opinion that the cleans- 
ing action of soap solutions, or other solutions, is due almost entirely 
to the emulsifying quality of such solutions on the fats and greases 
which they remove. 

vSoap solutions haye the peculiar property of closely amalgamating 
with greasy matters in such a manner as to cau^e the suspension of 
the grease in the form of finely-divided particles in the soapy liquors, 
and consequently facilitate the removal of such grease from the sur- 
faces to which such solutions may be applied. 

The cleansing action of solutions of alkaline carbonates and caustic 
alkalies, or of infusions of soap-bark and the like, is to be explained 
principally in the same manner. Where carbonated alkalies or caustic 



Fig. 7 - Steeping Tank for Wool Washing. 


alkalies are employed, there may be a small degree of saponification 
of the fatly matters, and consequently their cleansing action may to 
some extent be due to this formation of a soluble soap. If the cleans- 
ing action in such cases, however, was entirely due to this saponifica- 
tion, it would naturally follow that solutions of caustic alkalies would 
be better than soap solutions for the scouring of wool, apart from any 
action cither may have on the fiber, and considered only with reference 
to their power of removing grease; but the author has shown by ex- 
perimental data that this is not the case.^- The cleansing action of 
such substances as fuller’s earth mixed with water is also to be ex- 


Sec Jour. Soc. Chem. Ind., i905> P- ^59* 
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plained by the emulsifying action such a mixture has upon the grease 
on the fiber. .That is to say, the fuller’s earth suspended in water in 
a finely-divided state mechanically decomi)oses the grease by friction 
into very small particles, and hence brings about the condition of an 
emulsion. 

It has already been observed under the discussion of the chemical 
properties of wool-fat, that the greasy matters to be found on the 
fleece of the sheep are liable to contain a considerable proportion of 
free fatty acid. The neutralization of this fatty acid with the conse- 
quent formation of a soluble soap may in some degree aid in the after 
emulsification of the rest of the fat, but the cleansing action due to 
this cause must necessarily be but small. 

The action of water on soap is as yet not thoroughly understood. 
There is, however, an increase in tlie alkalinity of a soap when dis- 
solved in cold water, as may be shown by adding some water to an 
alcoholic solution of soap containing a few drops of phenolphthalcin 
solution ; as soon as the water is added the solution becomes red, show- 
ing the formation of free alkali. Wright and Thompson, in a scries 
of experiments on the action of water on soap, give the following re- 
sults of the amount of hydrolysis which occurs by using various quan- 
tities of water. The figures given are the quantities in percent of alkali 
in the soap. It is seen that tallow soap is less hydrolysed than \m\m 
oil soap, while cottonseed oil soap is more hydrolysed than any other. 

H\r)k<»rvsis or DiFrRkF.NT sosrs by waier. 


!\r(jls. of Water. 


Soap from 

Mol. Wt. 

TOO 

250 

5 fX) 

1000 

2000 

Pure stearic acid. . 

. . ->S 4 

0.7 

T.O 

1.7 

26 

3-55 

Palmitic acid 


I 45 

1 0 

2 6 

3.15 

3-75 

Cocoanut oil 

m3 

3 75 

4.5 

54 

<>45 

7.1 

Pure oleic acid 


f<S 5 

2.0 

3 .« 

5..2 

0.65 

Crude riciiioleic acid. 


*♦55 

2 2 

3.0 

3.8 

4.3 

Palm oil-tallovv 

. -71 

T.I 

055 

2.6 

4.1 

5.3 

Tallow and rosin ... 


1.5 

2.25 

3 I 

4.2 

5.3 

Cottonseed oil 

. J30 

2 J3 

3 <J 

5-0 

7-5 

9.5 


According to the exj)eriments of KratTt and Wiglow,'* when hot one 
jjercenl aqueous solutions of the following sodium soaps are allowed to 
cool, crystals begin to form at the tem})eratures given : 

° C. 

Sodium stearate .... . . ... . . . . 60 

Sodium palnutate 45 

.Sodium myro>tatc . ... 31.5 

Sodium lauratc . . . ii 

Sodium elaidate . ... . .... 35 

Sodium oleate . , . . 0 

All of these temperatures aie considcTably below the melting points 
of the corres|K>nding fatty acids. The crystals appear to consist of a 
mixture of the normal and acid salts; when deposited from more 

” Bcrkhtc, 1895, p. 2566. 
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dilute solutions, the crystals contain a smaller proportion of sodium, 
while from a 5 percent solution of sodium oleatc, the neutral salt 
separates unchanged. If the hot, aqueous solutions are saturated with 
carbon dioxide and allowed to cool, the acid salts separate out, for ex- 
ample, sodium hydrogen palmitate, l,iO,Na.C\ Ji3i02H. The 

same chemists have made an examination of soajis with respect to the 
extent to which they raise the boiling-iioint of water. Sodium acetate 
and propionate (the lower acids corresponding in chemical consti- 
tution to the higher fatty acids contained in soaps) act as if each 
molecule were dissociated into two. Sodium yjalmitate, stearate, and 
oleate at first produce a rise in the boiling-point, but eventually, as 
the solutions become more concentrated, the thermometer falls to the 
boiling-point of the water, and the solutions solidify on cooling to 
gelatinous masses. Soaj^s under these conditions do not raise the boil- 
ing-]joint of the water in which they are dissolved, and thus exhibit 
the liehavior of colloid substances like starch and gelatine. 

It has often been stated that potadi, and not soda soaps, should 
be used for the scouring of wool, and that the former yield better re- 
sults in every way, the wool being left in its original soft and springy 
condition. This may very likely be the experience of many wool 
scourers, but it is doubtful whether the results, if superior, arc to 
be considered as due to any sy)ecial properties of potash soap as such, 
k'arcful coiiq)arative experiments with ])olassium, sodium, and am- 
monium oleates in a practically neutral condition do not show an ap- 
y>reciable diHereiice in the iiehavior of the three soaps, so far as the 
final condition of the wool is concerned. It is possible that the advan- 
tage believed to be connected with the use of soft soap for wool may 
be hie rather to the greater solubility of potash salts of mixed fatty 
acid' admitting of the use of more soap at a lower tcmyieraturc, to the 
small amount of free alkali which used to be present as a rule in the 
older forms of soft soap, and to the fact that soft soaps were at one 
time made from oils which contained a high percentage of glycerin 
compounds of oleic and analogous acids. It is certainly very doubtful 
whether some of the soft soaps which contain much free alkali could, 
in any hands, )ield such good results as a neutral oil or tallow soda 
soaj) of high quality. It has been suggested that the glycerin present 
in soft soajis has some good effect on wool, but it is difficult to see what 
beneficial action it can have during the washing process. It is some- 
times the custom, however, to avoid rinsing out the soap completely 
from wool, and it is possible that the small amount of glycerin left 
in as well may tend to keep the libers i)liable, but the amount is very 
small, and iust as gmid results can be obtained with copious rinsing, 
or with neutral soaps free from glycerin. 

In most establishments, especially in America, a previous steeping 
of wool in hot water is not resorted to; hence the soluble potash salts 


’‘When the raw wool contains a high piopoi tion of dirt and sand it is not advisable to 
enter it directly into the scoming machines as the soap liquors would rapidly become too 
duty for economical use. With such wools as Silesian, .Saxony, and Botany wools, of the 
Austiahan tyi>e. steeping is not essential, but the coaiser and wilder breeds should always 
be given this preliminary cleaning. 
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naturally existing in the suint of the fleece are still present in the 
scouring operation, and pass into solution in the scouring liquors. It 
has been thought by some that the presence of these soluble potash 
salts aids considerably in the removal of the greasy matters, and con- 
sequently by omitting the previous steeping of the wool it will not 
be necessary to use so much soap and alkali in the scouring. It has 
already been pointed out,^^ however, that this idea is erroneous, for the 
potash salts as they occur naturally in the suint of the wool are not 
present as the alkali potassium carbonate, but as salts of potassium with 
various acids which have little or no alkaline action. The presence 
of these potash salts in the scouring liquors, instead of increasing the 
effectiveness of the latter, tend to diminish it by lessening its emulsi- 
fying qualities. In reality, their presence causes a more or less 
“hardening” of the water and a consequent neutralization of some 
of the scouring power of the soap. 

5. The Emulsion Process: Scouring by Means of Soaps and 
Alkalies. 

In this method, the raw wool is nearly always scoured in a liquor 
containing mixed solutions of soap and alkali; it is seldom, if ever, 
that a soap solution alone or an alkali solution alone is used. If the 
wool is of a very dirty character — that is, if it contains large quantities 
of sand, dust, etc. — it is best to first wash it in a bath of cold, or pref- 
erably, lukewarm water, so that the majority of the miscellaneous 
dirt may be removed ; otherwise the scouring licpiors will soon be- 
come so charged with earthy matters as to be untit for further use. 
In a fair sample of wool about 25 percent in weight will be removed 
by this preliminary washing, and as the wash waters are of no especial 
value, they may be run to waste. Where the wcxfls to be scoured 
are not particularly dirty, or have been already washed on the back 
of the sheep before shearing, the preliminary washing operation is 
omitted, and the wool is placed directly in the scouring bath. 

6. Nature of Alkalies in Scouring. 

The nature of the alkalies employed in the scouring bath for raw 
wool, together with the strength of the solution, will largely depend on 
the character of the stock to be scoured. The coarser and less lustrous 
the fiber, the more severe may be the scouring; while finer and more 
lustrous qualities of wool must be handled with greater precaution, in 
order to prevent the fibers from becoming matted and from losing their 
luster. The usual materials employed for scouring are soap and the 
two carbonated alkalies, soda and potash. As already mentioned, a 
mixture of soap and alkali is nearly always used, and the greater the 
amount of the alkali, the more severe will be the scouring; whereas 
soap has a milder action. 

It is a, mistake to conclude that the dirtier and greasier wools * 
.should be treated with the stronger scouring baths, for, as a rule, the 
finer grades of wool contain a larger amount of grease and dirt than 

” See page 25. 
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the coarser varieties; so the strength and character of the scouring 
bath must be determined by reference to the quality of the v^ool, and 
not necessarily by the amount of grease and dirt on the fiber. 

With respect to the alkali used, it is generally considered that 
potassium carbonate (pearl ash or potash) is more efficient than the 
corresponding sodium carbonate (soda ash), and that the former is also 
less harmful in its action on the wool fiber. This, however, is a mat- 
ter open to much discussion. Expressed in terms of its ‘^causticity” 
or intensity of action chemically, potash is stronger than soda, as potas- 
sium is a more basic element than sodium; therefore it is hard to 
explain why so many scourers consider the former compound a 
“milder” alkali than the latter. Expressed in terms of its neutralizing 
power (with respect to acids), potash is weaker, weight for weight, 
than soda ash, and this may have something to do with the supposed 
greater mildness of the former salt. In place of the true carbonates of 
the two alkali metals mentioned, their bicarbonates are also used at 
times in the scouring baths to re|)lace the carbonates themselves, either 
partially or wholly. By some, the use of bicarbonates is considered as 
advantageous in that the alkaline action is milder and the scouring 
equivalent is greater, or at least equal to, that of the carbonates. Car- 
bonate of soda is a salt of carbonic acid (H2CO3) in which both 
of the hydrogen atoms have been replaced by a like number of sodium 
atoms ; in other words, the acid is completely neutralized by the base. 
Bicarbonate of sodium, on the other hand, is a salt of carbonic acid 
in which only one of the two hvdrogen atoms of the acid arc replaced 
by a sodium atom; that is to say, the acid is only half neutralized by 
the base, and therefore the alkalinity of the bicarbonate is only one- 
half (hat of the carbonate. That the former is a “milder” alkali there 
can b ' no question ; but if we are to consider the scouring equivalent to 
be measured by its alkalinity, then the bicarbonate cannot be said to be 
more than one-half as efficient as the carbonate. As with soaps, how- 
ever, the emulsifying equivalents of these salts has never been studied, 
and until some demonstration of this property of the two salts with 
respect to scouring has been made, it will always be an open question 
as to their relative merits, which can only be decided by the individual 
scourer from his own practical experience. Further consideration of 
this subject will be taken up under the study of the nature and prop- 
erties of the diflferent scouring agents. 

Ammonium carbonate and ammonia are employed in some mills on 
very fine grades of stock; their price alone prevents their general appli- 
cation as scouring agents. 

Konig recommends the use of ammonia soap for wool washing, 
such soap being formed spontaneously in the fiber during the process, 
which is as follows: In the first vat the wool is washed with dilute 
• ammonia, pressed through squeeze-rolls, then saturated with olein and 
scoured again with warm water (120° E.) and ammonia solution. In 
this manner it is claimed that an ammonia soap is formed very homo- 
geneously throughout the fiber, and it becomes particularly effective in 

Ger. Pat. 146 . 053 . 



42 


BLEACHING 


the emulsification and removal of p^rease. The material is passed 
tlirou^h squeeze-rolls aiiain and for a third time scoured with dilute 
ammonia water, and finally rinsed in plain water. While such a process 
mi^ht be useful for fine wools it would he far too costly for the ordi- 
nary grades of raw wool. 

A novel method for the scouring of wool with soap liquors is the 
process of vSchmid in which the material, instead of being treated 
with a solution of soap directly, is subjected to the action of the foam or 
lather of the soap, this being produced by a vigorous boiling of the 
soap liquor. A suitable apparatus is employed so that the material is 
held in a recc]>tacle above the surface of the soap solution so that it 
only comes in contact with the foam. It is claimed that this process 
requires less time and gives a very thorough cleaning with less felting 
of the fiber. The process is really an extension of the Schmid method 
for degumming silk, and though in the latter case it appears to have 
become somewhat of a commercial success, it does not seem to be of 
any great value for the scouring of wool.^® 

7. Nature of Soaps for Scouring. 

The question as to the relative value of various soaps in scouring 
is a difficult one to decide with anv degree of accuracy, and there is no 
scientific data on the subject which one may use for its proper elucida- 
tion. The scourer must base his ideas upon his own practical experi- 
ence in the use of different kinds of soaps and a comparison of the 
results obtained. It appears to be generallv admitted in practice that 
soft potash soaps arc more efficient than hard soda soaps; probably 
this is due to the more thorough solubility of the soft soaps in water 
at the temperature at which the scouring is conducted ; for, on the other 
hand, there is less<ictual soap, weight for weight, in soft soaps than in 
hard soaps. Until a proper expression, however, can be given to the 
emulsifying power of soap solutions, and an accurate method devised 
for the determination of the same, this question as to the relative 
value of soaps for scouring ])urposes will always be open to discussion. 

8. Temperature in Wool Scouring. 

Especial attention should be paid to tbe temperature of the scouring 
bath. This should not be allowed to rise above 140° F. under ordinary 
conditions, as alkaline solutions have an iniurious action on the wool 
fiber at elevated temperatures, causing it to become considerably weak- 
ened both in tensile strength and clasticitv, while at the same time the 
luster is greatly impaired, and the ^Teel” of the fiber becomes harsh 
and unpleasant. If the scouring solution contains too great a propor- 
tion of carbonated alkali, the wool is also liable to acquire a yellowish 
color which cannot afterwards be removed. Where the proportion of 
soap in the scouring bath is greater and a minimum amount of alkali 
is employed, a higher temperature may then be used than otherwise, 
but it wdll not usually be required to raise the temperature above 

Fr Pat 407,‘;oC». 
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140° F. to thoroughly and efficiently cleanse the woold® The object of 
using warm rather than cold baths in the first place is to soften the 
greasy matters on the fiber so that they may be the more readily 
removed ; and secondly, on account of the more ready solubility and 
lower viscosity of soaps in hot water. The emulsifying power of soaps 
appears to be much greater in hot solutions than in cold. 

Formerly it was common for the scourer to gauge the temperature 
of the li(|Uor by his hand, and this practice has not even yet been com- 
pletely abandoned. Tt is bad, since the temperature will feel to be quite 
difTcrent to two different persons, and to persons in different degrees 
of health. The thermometer should be the cmly means of gauging the 
temperature. For the ordinary run of Colonial wools temperatures of 
120° F, in the first bowl, 115° F. in the second, 105° F. in the third, 
and T()0° F. in the fourth bowl usually give very satisfactory results; 
while for very dirty, w'axy avooIs, such as lUienos Ayres, a temperature 
as high as 135° F. is often required to start the grease. When washing 
the best Fnglish luster wools and mohair, the temperature should he 
as low as possible consistent with efficient scouring; temperatures 
ranging from too® to QO® F. usually give good results. In all cases it 
is better practice to spend more time in scouring and keep the fiber 
sound than damage it by too hasty scouring and be compelled to spend 
more time in preparing, spinning, and felting; since, if scouring is done 
too quickly with too strong solutions and at too high a temperature, 
the serrations are damaged by being broken or “hacked,’’ the luster is 
seriousl}' impaired, and the fibers are rendered brittle and harsh in 
liandle. 11ic strength of the scouring liquor is quite as important as 
the temperature, and should in all ca^es be regulated in accordance with 
the fii eness of the w'ool to be scoured, rather than by its condition with 
regard the amount of dirt and yolk it carries. A coarse, strong wool 
will stand a greater heat and stronger scouring licpior than a fine and 
comparatively weak wool. In the first bowl, when w^ashing very greasy 
cross-bred w'ools, it is usually necessary to use from 60 to 80 lb. of pearl 
ash, enough neutral potash soap being added to make the liquor feel 
sufficiently smooth and soft. For a fine avooI rich in suint and yolk, 
and thus possessing a certain amount of cleansing agents, so strong a 
li(|uor is not necessary. Further, if the licpior were too strong, the 
handle and color as well as the spinning and felting properties would 
be seriously impaired. 


Turner {Text. Mfr . 1921, p 4) gives the fallowing range of tfni|K ralures for scouring 
fliirrrt'iit grades of wool: 

Teiiii)cralui e 


Class of Wool 

K.d.r 

Cent. 

■Red sandy wool 

130® 


Ram’s wool 



Fine Colonial greasv nieiino . 

ijo® to ijn® 

49® to ^4** 

Slipe wool (lime pulled) 


51“ 

Skin wool (acid pulled) 

I JO® 

49“ 

Red lamb’s wool • 

I JO® 

49“ 

Medium cross-bred vvool (Colonial) ... 

. I 15® to I JO® 

45® to 49® 

Luster wools 

1 00® 

37 5 ° 

Ordinary lamb’s wool 

yo° to 100® 

34" to 37.5® 

Alp.aca ^. . . 

So® 

27® 

Mohair 

70“ 

22® 
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9. Strength of Scouring Baths. 

As the strength of the scouring bath will depend on the quality of 
the wool to be scoured, no rigid and invariable formula can be given 
for the preparation of such liquors.^® For ordinary grades of wool, it 
may be said in general that for every 100 gallons of water employed in 
the bath, from 2 to 10 pounds of soap and from 10 to 20 pounds of 
carbonated alkali arc used for the scouring of raw wool. The quantity 
of soap to be used will also depend in some measure on the nature and 
quality of the soap employed.^^ 

Scouring baths which have been in use for some time (provided 
they have been kept up to their proper strength by fresh additions of 
soap and alkali and have not become too highly charged with dirt) 
appear to be more efficient than those which have been freshly pre- 
pared. The reason for this is probably due to the fact that in the old 
baths the lime and magnesia compounds in the water have all beeq 
precipitated, and also that a certain degree of fermentation has arisen 
front the decomposition of the animal matter accumulating in the bath, 
which accelerates the removal of fatty matters from the fiber. An- 
other reason may be that the presence of the wool-grease in the bath 
may aid somewhat in the emulsification of further quantities of grease 
from fresh lots of wool. Attention, how’cver, must be called to the 
fact that in time the scouring baths will become foul by reason of the 
above-mentioned fermentation, and this will lead to the decomposition 
and destruction of the soap, which wdll wx'akcn tlie hath for scouring 
purposes and also cause the w'ool to become foul in like manner. 
Therefore, when any evidence is shown of the bath becoming foul 
(which may easily be recognized by the disagreeable odor) it should 
be run off and replaced by a fresh bath. 

Turner gives the following interesting particulars concerning the 
practical scouring of wool. On a record kept of 14 lots of various 
grades of greasy wwl, the following figures were obtained : 

Total weight of greasy wool it, 000 lbs. 

Total yield of clean wool 7,476 “ 

Average yield 67.9 percent 

^^axitnum yield (pink blend) 840 “ 

Minimum yield (grea.sy gray brokes) 40.8 “ 

For wools shrinking less than 50 portent the sff)UMiiK hatli slmuld contain 3 to 5 Ihs 
of soap per 100 gallons of water, together with ij-'i Ihs of soda ash for each 10 percent of 
shrinkage Coarse wools and those shrinking more than 50 perttnt may require a scouring 
jiquor containing 5 to 10 Ihs of soap ptr 100 gallons of water with a i)roportiunal increase 
in tlic amount of alkali. * 

The amounts of soap and alkali used per day of ten hours in a set of scouring 
machines when washing an average greasy merino are: First bowl, no to 130 llis. of a good 
potash soap and 20 to 30 Ihs of pearl ash. Second bowl, 60 to 75 lbs. of potash soap and 3 
to 6 lbs of pearl ash. fin some cases it should be noted that little or no alkali is used in 
this bowl.) Third bowl. 2s to 35 lbs. of potash soap Fourth bowl, 5 to 7 s lbs. of soap or 
just sufficient to give the li<|uor a soft feel and neutralize and remove any traces of alkali 
which might still he carried by the wool from the previous bowls For washing very 

greasy cross-bred wools the amount of pearl ash used in the first bowl would be increased 

from 60 to 80 lbs , while the amount of potash soap used would be reduced to from qo to 
120 lbs In the sicond howl 90 to no Ids. of potash soap and 10 to 20 lbs. of pearl ash ‘ 

would be used. In the third bowl only 30 to 45 lbs. of potash soap would be used; while 

in the last bowl 10 to is lbs. of soap would be used. The above particulars arc for a 
set of machines of the same capacity as the set referred to in connection with the particulars 
given for washing merino wools. It should be noted that the particulars given can only 
be taken as a guide induating quantities of detergents which may be used. 

** 7 V.tf. Mfr., 1921, p. 43. 
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Actual consumption of soap 128. lbs. 

Actual consumption of soda ash 362. 

Time required for scouring 13.23 hrs. 

Soap used per pack (240 lbs.) greasy wool 3.2 lbs. 

Soda ash used per pack (240 lbs.) greasy wool 8.97 “ 

Time required per pack (240 lbs.) 17.2 mins. 


The scouring was done in a four-bowl machine, and the following 
particulars are given for the first lot : 


WHITE HOG W(X)L, 24’s COMBING QUALIIY 


Start Added 


Howl 

Soap 

Soda ash 

Soap 

Soda ash 

buckets 

buckets 

buckets 

buckets 

I 

10 

10 

2 

2 

2 

6 

4 

2 

2 

3 

3 

2 

I 

0 

4 

0 

I 

0 

0 


I bucket of soap — 1.52 lbs. 

I bucket of soda ash — 2.88 lbs. 
Time of feeding — 73 mins. 
Greasy weight — 1000 lbs. 
Clean weight — 802 lbs. 


10. Effect of Scouring on Quality of Wool. 

When scoured under the most favorable conditions by the soap and 
alkali method, the wool fiber will lo.se about twenty-five percent in 
tensile strength, and also somewhat is elasticity. The following figures 
are g \^n as mean of a number of experimental determinations made 
by tlie author in this connection. The wool used was the kind known 
as “Territory blood.” 



Tensile Strength 

Klasticity 

Wool in the grease 

24.0 grams 

21.4 " 

28.0 percent 

After washing in warm water 

27.8 “ 

After scouring 

Therefore : — 

18.0 “ 

26 2 “ 

Loss on washing 

108 percent 

0.8 “ 

Loss on scouring 

n.7 “ 

5-6 

Total loss 

22.5 “ 

6.4 


These tests were made on individual fibers, and a sufficient number 
of separate tests were taken to give a fairly accurate mean result; 
hence these figures represent the actual loss in tensile strength and 
elasticity of the fiber itself. Tests made with yarns (which will be 
given in a further section) would not truthfully represent this fact, 
as in the scouring operation, the individual fibers of the yarn become 
more or less felted together, and therefore, the strength of the yarn 
may become apparently increased instead of decreased by the scouring. 
The exact figures for the loss in tensile strength and elasticity will of 
course vary considerably with the nature of the fleece. The fine wools, 
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as a rule, lose more than the coarser ones, and there are other condi- 
tions of uncertain determination. The loss in strength is no doubt 
partially due to the fact that the layer of fatty matters and dried-up 
suint add somewhat to the solidit}' of the fiber, and help in some degree 
to cement the individual parts of the latter together.^^ 


scoirrmK”^^'^ Mfr., 1921, p. 4) gives the following piactical general rules in wool 

I. In wool scouring it should be the aim to produce wcll-scoured, bright, soft-handling, 
wool in sulbcient quantity to keep the carding engines and picpaiing boxes well 
11^ waiting largely uiiscts the organization of even the most 

carefully thought-out plans of working. 

1 should be made to a\oid mattid, felteil, stringy, and ropy wool, whieh is 

very difhcult to operate in the alter process, because it involves additional woiry, expense, 
wear iii>on the machinery, and poxvei m driving the maeliiiies. It also causes an extra 
amount ot noil in the combing thiough excessive breakage of fiber, thus making the pro- 
uuction ot yarn a more costly prtictss ami sacrilicirig the quality. 

3 - Scouring should he done at the lowest temperature and speed consistent with good 
urn-ott, a lower temperature means softei wool, and low speed means less distiii hance of 

the natural arrangement of the staple. 

4 - ^^^‘‘fihtncss and color of scoured weiol are two of its valuable prone rties, 
especially fiom the d)cing and selling pe.mt of view. They shouhl be preserved as much 
as ixissihle by regaining from the apidicalion of too high a temiie lature, te»o stioiig a scour, 
or too nuKh alkali, in attempts to sexure a laigc prodiution from the machine. 

♦n should always he rememhcitel that if the wool is haish or hareJ to handle, it entails 

tne ^expense of adding idive oil and emulsions in order to boftcii the fiber to pc unit a 
gOOel spill. 


0 Proper care should be exercised m the economical use of water, soap, alkali, as the 
large quantities of these used entail lua\y expense Waste or eai elcssiu ss of these essentials 
of the scouring process appieeiabl) raises the cost of the rcsiiItaiU yarn. 

7, It is desirable to have the machines adai/tcd to suit the wool iimlcr treatment. They 
should be situated m a good light and be well siipei vised, kept clean, fieely and regulaily 
lubricated, and the parts pnq>erly adjusted and regulaleel .Steam and water joints should 
be tight and free fiom leakage The maclinus shouhl he mounted on gneid solid foundations. 
It IS imiHirtant to arrange th.it the wet wool fiom the scuuiing is rapidly passcel to the 
drying niaehine, and is not left too long in the- d.imit state '1 his causes the wool to 
become “stale” or “sad,” ami hugely destroys its ‘•spiing" m clastieity. 



Chapter IV. 

Scouring of Wool (Cont’d). 

1. Washing as a Process in Wool Scouring. 

After the scouring operation lias been completed, there is left in 
the fiber a large amount of soapy and alkaline liquor, together with the 
emulsified fatty matters and dirt which these absorbed litjuors contain. 
It is very essential, therefore, that after scouring a thorough washing 
with warm water should follow for the purpo.se of removing these 
substances. Washing is an oiieration which should receive very careful 
attention, for if the fiber is not completely freed from all adhering 
soapy and fatty matters, bad results in the subsequent dyeing and 
finishing operations are almost sure to follow. Any .soap which may 
become dried into the liber is afterwards very difficult to remove, and 
may cause streaks and spots to appear, the true origin of which may 
fre(|uently not be understood. Especially will this l)e the case if the 
wool is subse([uently mordanted with metallic salts, as these form 
sticky insoluble metallic soaps wln’cli it is almo.st impossible to after- 
wards completely remove, whatever treatment may be adopted. wShould 
soapy wool also be treated with acid solutions in dyeing or finishing, the 
soap vv’d sulTer decomposition with the formation of free fatty acid; 
and as .l.e latter is insoluble and greasy in nature, its presence may 
lead to many bad results. Certain dyeslulTs also form insoluble greasy 
precipitates with the fatty acids in the soap with the result that dark 
greasy spots will develop after dyeing. 

Warm water is much to be preferred to cold in the washing of 
scoured wool, chiefly for the rea.son that if cold water is used some of 
the soap as well as the emuEified grease is liable to be precipitated 
from solution within the fiber, and greasy matters consequently be left 
in the wool ; it is not nece.s.sary, however, that the temj)erature of the 
water should he over 120'' to iqo"" F. Best results are probably 
obtained where the material passes from the main scouring bath into 
another weaker one, and then finally is washed with fresh water; this 
allows the concentrated soa])y liquor to be removed in most part in 
the weak scouring solution, so that the subsequent washing is more 
certain and complete in its results. 

2. Influence of Character of Water. 

The character of the water employed in scouring and washing has 
a considerable infiuence on the good results of these operations. If the 
water is at all hard, the soa|) left in the goods from the scouring bath 
will be precipitated in the liber and remain as an insoluble metallic 
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soap. The water employed in either scouring' or washing should 
always be softened beforehand by the addition of the requisite amount 
of soda ash, or other alkali, after which it may be employed with 
impunity. 



In scouring and washing, soft waters are always to be preferred 
and should be used wherever available; hard waters are frequently 
totally unfit for use; though in cases where no other kind of water is 
at hand, these may usually be softened in such manner as to be of use. 

In the ordinary processes of scouring, bleaching and washing, the 
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use of water containing over 5 to 6 degrees of total hardness should 
be avoided, and water of greater hardness should be pro])erly softened 
before use. For purposes of bleaching water should not contain a 
higher content of iron than i mgm. per liter (i part per i,ooo,ooo), 
as otherwise the tone of the bleached material is liable to be affected. 
The same is also true when water containing organic matter is used ; 
this nearly always contains brown coloring matters that will be ab- 
sorbed by the bleached fiber, resulting in a brownish or yellowish tint 
which is difficult to remove. Such organic matter, however, is usually 
rather easy to remove by the use of an alum coagulant and filtering; 
whereas the iron is sometimes more difficult to get rid of. Small 
amounts of potassium permanganate solution added to the water will 
also destroy the organic and coloring matters present. 

To determine the availability of water for purposes of bleaching, 
place 250 c.c. of the filtered water in a porcelain dish and evaporate 
on a water-bath to 5 c.c. If the water left as a residue shows a yellow- 
ish or brownish color or sediment it may be considered as not suffi- 
ciently pure in quality for bleaching. The water sample after evapora- 
tion shoulfl also be tested for the presence of iron by adding a drop of 
nitric acid and a few drops of potassium ferrocyanide solution. The 
formation of a blue color will indicate the presence of iron. 

The amount of water required in scouring and bleaching is very 
large in proportion to the weight of the goods being treated. For the 
scouring and bleaching of too lbs. of woolen goods, there will be 
required about 2000 gallons of water: too lbs. of cotton goods will 
require about 3000 to 4000 gallons of water, while 100 lbs. of linen will 
need about 10,000 gallons. These figures must be regarded as only 
average and approximate, as the quantity of water needed will vary 
considtMbly with the form in which the goods are bleached (loose 
stock, yarn, woven cloth, etc.), with the degree and nature of the 
bleaching operation, with the kind of machines employed and many 
other factors. 


3. Hardness of Water. 

The hardness of water is due to the metallic salts held in solution or 
suspension.^ The salts of most common occurrence arc the hicarbo- 
nates, sulfates, and chlorides of calcium and magnesium. These salts 
form insoluble sticky precipitates with soaps, and when adhering to 
the wool fiber are exceedingly difficult to remove. Besides this, their 
presence renders a cousiderai)le amount of soap worthless, as all of 
the metallic salts must first be precipitated before any of the soap 
becomes available for cleansing purposes. The liardness due to the 
presence of bicarbonates is said to be temporary, as it is removable by 
simply boiling the water. This is due to the fact that on heating bicar- 
bonates are decomposed into free carbon dioxide gas and an insoluble 
carbonate;^ the latter being precipitated in the form of a fine powder. 


’Water containing less than s parts of mineral matters per 100,000 Parts is considered 
■as "soft” water Fach degree of "hardness” (in parts per 100.000) is calculated to destroy 

“'““'a.' n: “mI: "A does ,;o. consider il necessarv to 

assume the existence of calcium bicarbonate tha’t 

order to account for the solubility of calcium carbonate. He considers it probable that 
calcium carbonate is capable of existing in a soluble colloid condition. 
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and thus removed from action. This reaction may be represented by 
the following equation : 

Ca(HCO,). + l^cat = CaCO, + CO, + H, 0 . 

The hardness due to dissolved sulfates and chlorides is said to be 
permanent, as it is not removed by simple boiling, consequently it is 
the more objectionable of the two. The amount of hardness may be 
estimated in a very practical manner by ascertaining how much of a 
standard soap solution must be added to a given quantity of the water 
in order to produce a permanent lather. 



The quantity of calcium sulfate held dissolved in water is in general 
very much less than that of calcium carbonate, owing to the fact that 
carbonic acid has no effect on its solubility. C'alcium sulfate is less 
soluble in hot water than it is in cold; Marignac found that i(X7,0{)0 
parts of water would dissolve the following amounts of calcium sul- 
fate at the temj)eraturcs given : 

32° F . . . go parts 


2^ i: 77 “ 

It is very rarely that there will be f(jiind more than 10 grains of, 
calcium sulfate jkt gallon in natural water; it is generally from 3 to 6 
grains per gallon. 

As a rule, the dissolved im|)uritics in a water arc of more impor- 
tance than those which arc merely mechanically suspended, as the latter 
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may be easily removed by either settling or filtering. Of course, if 
suspended matter is present in large amount, the water may be ren- 
dered unfit for use, especially if iron compounds are present. Water 
containing any considerable amount of iron salts in solution is called a 
chalybeate or ferruginous water, and is often highly prized for its 
therapeutic value. The iron is derived from beds of shale, and from 
coal and iron ore deposits with which the water may have come in 
contact. It is more apt to be found in spring water than in river 
water, as any salts of iron that may have come into the latter are soon 
changed to the insoluble oxide by the action of atmospheric oxidation. 
'1 his oxide may often be observed settling out as a coating of iron-rust 



Fig. 10. — Horizontal Pressure Filter (IIungcrford-Terry). 


on exposed rocks in streams. River water containing much mud in 
suspension is generally liable to contamination with iron, and should 
not be used for either scouring or bleaching unless the mud is first 
settled out or filtered. River water is more apt to contain suspended 
matter than spring or well water; but, on the other hand, it generally 
contains less dissolved salts, since it is chiclly composed of surface 
water which has not percolated through the soil to any extent, and 
consequently has not had the opportunity of dissolving any appreciable 
amount of metallic salts. Rain water would be the best and purest 
form of water to use in scouring and bleaching; but, as a rule, its 
cfiiployment on a large scale is not practicable, owing to the limited and 
uncertain supply. 

Water obtained from condensed steam which is sometimes eni- 
l)loycd for bleaching purposes is very soft and pure, being practically 
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distilled water. Unless proper precautions are taken, however, it is 
liable to contain oil which has been carried over with the steam. This 
is generally eliminated by passing the steam through proper oil sep- 
arators. One serious defect of water obtained from condensed steam 
is the property it possesses of dissolving relatively large amounts of 
iron, so that if the condensation takes place in iron pipes and the water 
is stored in iron tanks, it will be badly contaminated with iron and 
hence be unfit for use in bleaching or scouring. 

Besides the ordinary impurities mentioned in the foregoing para- 
graph, there is occasionally to be found either free acid or free alkali 
in water. Neither of these would have much influence on scouring 
operations, however, beyond the fact that any free acid would neu- 
tralize a corresponding amount of soap; whereas alkaline impurities 
would be beneficial instead of deleterious. Free acid in water may be 
either sulfuric acid or the so-called “peaty acids,” which are organic. 
Sulfuric acid is formed in the decomposition of iron pyrites in contact 
with the water, and also by the oxidation of any dissolved ferrous 
sulfate, the iron oxide separating out and leaving free sulfuric acid in 
solution.^ The organic acids are derived from the decomposition of 
vegetable matter, and are chiefly objectionable on account of their 
liability to hold iron m solution. The chief alkali to be found in water 
is sodium carbonate, and this is derived from the water percolating 
through certain coal measures. There are also certain districts in this 
country where considerable quantities of alkali are present in the soil, 
and water in these regions will, of course, be contaminated with this 
impurity. It may be easily corrected, if necessary, by the addition of 
the requisite amount of acid. 

4. Faults in Scouring Due to Hard Water. 

The frequent fault in dyeing known as dark and white lists is often 
due to the use of hard water for washing purposes. The goods after 
washing are rolled up and allowed to stand; the water at the edges 
evaporates, leaving any metallic salts in the fiber. The edges becoming 
dry draw out fresh quantities of water from the inner portions of the 
cloth by means of capillary attraction, and these fresh quantities of 
water in turn deposit their dissolved salts near the edges as exaporation 
continues. In tliis manner the .selvedges become mordanted, as it were, 
while the inner portions of the cloth are com])aratively free from de- 
posited salts. When afterwards dyed such pieces will show light or 
dark streaks along the edges, depending on whether the metallic salts 
deposited there act as a resist or as a mordant towards the particular 
dyestuff employed. From the edge toward the middle of the goods 
there will be a shading, and if the piece has been standing on one end, 
there will be a heavier list at one edge, shading off gradually to the 
other. 

If the goods are piled up in folds the edges of these folds will 
naturally be the portions which dry out the most readily, and this 

» This acid will seldom be found in ordinary waters employed in mills. 
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condition will be liable to cause lists running directly across the cloth 
at more or less regular intervals. 

In order to avoid the occurrence of these lists it is always best to 
cover the rolls or piles of cloth with a damp sheet whenever such cloth 
is required to stand for some time in the moist condition before it is 
dyed or finished. 



Fig. II. Eureka Water Softener (Dodge System). 

5. Correction of Hard Water. 

The correction of water for use in the textile industries is a question 
of considerable importance to the owner of a mill. As water is used 
so extensively and in such large amounts in scouring, washing, bleach- 
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ing and dyeing, it should always be one of the first objects of the manu- 
facturer to locate his mill in a district where pure soft water is ob- 
tainable, if possible, thus doing away with the expense necessarily 
attached to the proper removal or neutralization of the impurities which 
may occur in hard water. The first order of impurities to be removed 
from water used for industrial purposes is that included under the 
general term of “suspended matter.” As already mentioned, river 



Fig. 12. — Section of Gravity Filter (IIungerfonl-Terry). 

water is especially liable to this form of impurity; the amount, how- 
ever, will vary within large limits depending on the nature of the land 
through which the stream is flowing, and also on the season of the year, 
heavy rainfalls, of course, largely increasing the contamination of the 
stream. Of all the impurities, however, to which water is subject, 
suspended matter is most easily and most economically removed. Tlie 
best practice to employ is a satisfactory system of filtration, allowing 
the water to percolate through layers of gravel and sand. Sometimes, 
where such a sy.stcm of filtration beds is not available, large settling 
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tanks are employed. The addition of a small amount of alum solution 
to the water greatly enhances the rapidity of its clearing, causing the 
suspended solids to separate out much more quickly. Such an addition, 
however, has the effect of introducing more or less of a soluble metallic 
salt (aluminum sulfate) into the water, and thus increasing its per- 
manent hardness. Water to be used for scouring, washing, or bleach- 
ing, however, should be perfectly clear, even if it is necessary to use 
alum. The permanent hardness thus formed may be subsequently 
removed by use of a little soda ash. For use in .scouring or washing 
water pos.'^essing any marked degree of permanent hardness may be 
best remedied by the addition of either caustic soda or soda ash in the 
proper amounts and boiling. In the scouring of wool, soda ash is a 



safer renied\' to apply than caustic soda, on account of the destructive 
action any excess of the latter would have on the tiber. In most cases 
it will hardly be necessary to fdter or settle the water after adding the 
soda ash in order to remove the precipitated metallic carbonates; this 
is only recpiired in practice where the water is exceedingly hard and 
the mass of the precipitate is considerable. Generally speaking, the 
[)rccipitated carbonates arc of a fine powdery nature, and form an 
inappreciable amount com])ared with the mass of the water treated, and 
have no effect on the soap solutions and do not present any difficulty in 
b*cing washed out of the goods. Sometimes an insoluble scum will be 
formed on the surface of the liquid on boiling with soda ash; this 
should be removed by skimming. With water in which the hardness is 
principally due to calcium bicarbonate (temporary hardness), the most 
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economical method for correction is to add a small quantity of a 
saturated solution of lime, such a solution containing 1.3 grams of lime 
per liter. The softening in this case is brought about by the hydrate of 
lime combining with the bicarbonate present to form the neutral car- 
bonate, which being insoluble is precipitated. To soften 845 U. S. 
gallons of water, about one ounce of quicklime will be required for 
each ten degrees of temporary hardness (parts per million). Excess 
of lime which may be inadvertently added may be precipitated by the 
addition of soda ash. The removal of calcium bicarbonate by such 
chemical means requires but little expense, as lime is quite cheap, and 
the amount required is very small. If calcium sulfate, however, is 
present (permanent hardness) then alkali must be employed, and this 
increases the cost of softening very materially. Water containing any 
marked amount of magnesium salts is also more costly to soften, as 
such water usually requires the addition of both lime and alkali. The 



Fig. 14. — Zeolite Pressure Softener (Perniulit System). 


addition of oxalic acid to water to be used in the preparation of soap 
baths has been recommended as an excellent means of softening. In 
this case, the requisite amount of oxalic acid is added to the water 
together with the soda or potash, wliereby an insoluble calcium oxalate 
is at once formed without the necessity of boiling. d1iis is of a very 
fine powdery nature and presents no especial difficulty in being removed 
from the fiber by washing. After the oxalic acid has been added the 
soap solution is run in, and since all of the lime compounds have been 
precipitated, there will be no formation of insoluble lime soap. As 
the use of oxalic acid in this connection does away with the necessity 
of boiling and settling the water, it effects a considerable economy 
notwithstanding the higher price of the chemical employed. 

Barium hydrate is another chemical employed for water softening, 
and although it is more costly than lime, it yields better results, as it 
removes the hardness without leaving any soluble salt in solution. 

As far as the soap-destroying power of hard water is concerned, 
it may be stated that 1000 gallons of water will neutralise or precipi- 
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tate about 2.3 ounces of soap for each degree of hardness in parts per 
million. 

Each grain of carbonate of lime per gallon of water causes an in- 
creased expenditure of about 2 ounces of soap per 100 gallons of 
watcr.'^ 

When quicklime is added to water for the purpose of correcting 
hardness, it is essential that it be added in exactly the proper amount, 
for the addition of either a deficiency or an excess of lime may cause 
the water to become harder than it was originally. This is accounted 



Fig. 15.— Aerator for Removing Iron (Pernuilit System). 

for in the following manner: If the water under treatment contains 
any marked amount of dissolved carbonic acid gas, when too little lime 
is added it will be converted into the bicarbonate of lime, and conse- 
quently remain in solution and merely add to the hardness of the water. 
On the other hand, if the lime is added in too great a quantity, all of 
the carbonic acid is removed in the form of carbonate of lime and the 
excess of quicklime remains in solution, thus adding again to the hard- 
ness of the water. In order to know just what cpiantity of lime to 
add to any given kind of water, a chemical analysis should be made, 
and the proper amount carefully calculated.'^ 

* Eng. News, April, 1892. 

^ In order to be iiblc to eMlculate the quantity of reagent to be used for softening it is 
necessary to know tlie temporary and permanent liaidncss and tbc magnesia calculated into 
its equivalent of calcium laibonate. Pfeifer’s formul.'c may then l>c applied (Proctor, Jour. 
Sac. Chem Ind., 1904, p. ii) as follows, the result being in pounds per 100,000 gallons. 
(Imp.) Let lit ni; temporary hardness; Hp — permanent hardness; Hm — magnesia hard- 
iness; then 

I.ime required ~ 5.6 (Ht + Ilm) 

Dry soda ash required “ 10 6 Hp 

For the removal of temporary hardness alone by means of lime, the quantity of lime required 
IS 5.6 (Ht -f- Ilm — Up) when Hm is greater than Hp, or 5.6 (Ht + Hm) when Hp is 
greater than Hm In using caustic soda and soda a.sh tlic formulas are: 

Caustic soda required =: 8 (Ht -|- Hm) 

Soda ash required — 10,6 Hp — (Ht + Hm) 

When Ht + Hm is greater than Up free sodium carbonate will be left in solution. 


BLEACHING 


58 


Iron and organic matter are also removed from water by the addi- 
tion of either soda ash or lime, the iron being precipitated in the form 
of hydroxide, and carrying down with it most of the organic matter. 
When large amounts of organic matter are present it is advisable to 
add with the lime a solution of a salt of aluminum or iron, as the 
insoluble metallic hydrates which will thus be formed will also bring 
down the organic matter, and will also cause the carbonates of lime 
and magnesia to settle more rapidly. 

When caustic soda is added to a hard water, it acts differently 
according to whether sulfate of lime (gypsum) or sulfate of magnesia 



Fig. 16 — Rapid Pressure Filter (Refiiiite System). 


is present. If there is no dissolved carbonic acid in the water, the 
addition of caustic soda will not soften water containing sulfate of 
lime, as the only action taking place would be the formation of sodium 
sulfate and calcium hydrate, both of which remain in solution. Mag- 
nesium sulfate, however, will be precipitated as magmesium hydrate 
which is quite insoluble. If carbonic acid, however, is present in the 
water, either in the free state or as bicarbonate of lime, the addition of 
caustic soda will cause the precipitation of lime as calcium carbonate. 
If, however, carbonic acid is present in only small amount, or if the 
sulfate of lime is present in excess, soda ash must be added in connec- 
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tion with the caustic soda in order to precipitate all of the lime; this 
will also cause the precipitation of any magnesium salts. As the pre^ 
cipitates of lime and magnesium carbonates settle but slowly, numerous 
forms of apparatus have been devised for the purpose of increasing 
the rapidity of the settling. The principle in most of these is to give 
a large settling area for a small space, this being accomplished by a 
series of sloping shelves arranged within the apparatus, the water 
treated with the proper chemicals rising from the bottom of the tank 
and being drawn off from the top. The proper amount and exact 
nalure of the chemicals to be employed can only be accurately deter- 
mined after a chemical analysis of the water has been made.® 

lu the case of temporary hardness due to carbonates, looo gallons 
of water of hardness ((German scale) will require 15.6 ozs. (” 390 
grams) of ([uicklime, or 22.3 ozs. (~ 557 grams) of caustic soda for 
correction, in accordance with the following reactions: 

Ca(HCO 0 ., + 2 NaOlT == CaCO, -f Na.CO, + 2 H ,0 
( a(l-lCO02 + OiO r.: 2 CaCO., + H ,0 

For permanenl hardness due to sulfates, Tom gallons of water of lo*^ 
hardness (German) will recjuire 2(7.5 (—•737 grams) of soda ash 

for correction: 

CaSO, + Ka.CO, ( aCO, + NaSO, 

In case hardness of both kinds is present (as is most fre(iucntly the 
case) it must be borne in mind that if caustic soda is used to correct 
the carbonate hardness there will he some soda ash formed which will 
correct its proportion of sulfate hardness. 

6. Softening with Zeolite. 

Another method which is becoming rather extensively employed 
for the correction of hard water for textile and bleaching purposes 
is that using a mineral substance known as zeolite. This mineral 
occurs naturally and may also be made artificially. The latter product 
is known by the name of PermutW^ and it is extensively used both in 
FAiro])e and this country as a water .softener. The zeolite is a mineral 
consisting of aluminum silicate combined with such other bases as 
sodium, potassium, calcium and magnesium. '' The jieculiarity of the 
zeolite is in the fact that if hard water (containing lime and mag- 
nesium salts) is filtered through a layer of the finely divided material 

" Tlu* results obtairu fl from snap tc^-ts are not as reliable as tliosi Iroin titration tests 
with acid, or bettor >et, a >.'r.iviine1nc .iiialysis 

The natuial zeolite, oi)t.nne(l in ciitain jiarts of Anieina, is also puiificd and used 
under (he name of Refill i/c. 

"The aitificial zeolite or I’eimutit is made by fusing topfthcr feldspar, kaolin, clay 
and soda in definite proportions. The ni.iss is then lixiviated with hot water for the 
purpose pf hydration and for the removal of soluble silicates The zeolite is left behind 
•as a residue as a granular or flaky mass It has a high porosity, and in the dry state 
will readily absorb as niiuh as so perctiit of moisture. In the zeolite process for water 
softening a special installation containing apparatus for filtering, treating, and regenerating 
the zeolite is employed with piopcr mc.ms of regulating the treatment in accordance with 
the character and hardness of the water. The artifuial zeolite, it is claimed, has the 
property of substituting one base for another to a much greater degree than the natural 
zeolites, exceeding by about 30 peiccnt the cajiaeity of Ch.abasite, which is the most active 
of the natural zeolites. 
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(usually in the form of small ci7stals) it exchanges its sodium and 
potassium radicles for the calcium and magnesium of the water, thus 
taking the latter compounds away from the water and replacing them 
with the alkalies. A further peculiarity, however, which allows of the 
practical use of the zeolite, is that after the zeolite has become sat- 
urated with lime and magnesia, by washing it in a solution of common 
salt, the lime and magnesia arc removed and the sodium goes into 
their place in the zeolite; so by this means an easy method of regen- 



Fig. 17 — Diagram of Zeolite Water Softener (Graver System). 


crating the zeolite is available, and in consctjucnce, it may be used 
continuously for softening an unlimited quantity of water, being suc- 
cessively regenerated by treatments with solutions of common salt. 
By this means of purification a water of zero degrees of hardness by 
the soap test may be obtained, which is scarcely possible by any other 
means. It must be borne in mind, however, that the water will contain 
sodium carbonate and sodium sulfate in an amount corresponding to 
the quantity of the carbonates and sulfates of lime and magnesia 
originally present in the water. As this process of water purification 
is simply one of softening by a chemical process, if necessary, the raw 
water should first be filtered before treatment with the zeolite in order 
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to remove sediment and insoluble impurities which would contaminate 
the softening medium.® 

The zeolite process may also be used for the removal of iron from 
water in which case a manganese zeolite is used instead of the sodium 
compound. Water containing i part of iron per 100,000 when filtered 
through manganese zeolite gives a filtrate showing no trace of iron. 
The manganese compound is obtained by treating the sodium zeolite 
with a solution of manganous chloride. 

In the zeolite installation for water softening the process provides 
for the filtration of the water through layers of the zeolite, the direc- 
tion of flow being from the top to bottom, as this proves to be more 
effective. As the material tends to cake together somewhat in use, the 
mass is loosened up in the cleansing operation before each regeneration. 



Fig. 18.— Electrolytic Scouring Apparatus for Raw Wool (Baiidet System). 


For this I impose soft water is used and the cleansing takes place from 
bottom to top, there being a go»)(l flushing and w'hirling motion of the 
water. The solution emplo}ed for regeneration consists of a 10 percent 
solution of common salt and is jireferably used at a temperature of 
100° to 120° F. This solution is allowed to flow slowly through the 
filter for from 4 to 5 hours. Mechanically impure water (containing 
suspended matter) must be previously filtered liefore being treated by 
the zeolite process. The water should also be neutral, that is to say, 
should not show an acid reaction wdth Fettenkofer’s solution of rosolic 
acid. If this is not the case, the water must first be passed through a 
layer of broken marble in the filter. 

7. Solvent Methods of Scouring Wool. 

Although the method of treating wool with alkaline detergents for 
the purpose of scouring has been employed from time immemorial 
and is still the principal method in use, there is another process for 

* • Water softened by the lime-soda method (which has been the usual form of treatment) 

will seldom give a water of less than 3” of hardness; whereas the zeolite process will 
readily deliver water of yr\o hardness, and in some cases of scoiuni^ atid hi* aching this 
is of especial advantage. Unless a water of less than 3" hardness is desired, the lime-soda 
process is perhaps cheaper than the zeolite process. The exchange power of zeolite is about 
I percent, wliicti means that i ton of zeolite is able to remove 20 Ihs. of calcium pxidc 
from the water. 
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wool scouring, radically different in principle but very effective, which 
is also being practiced to a considerable extent at the present time. It 
is a well-known fact that fats and greases, though insoluble in water, 
are readily and completely dissolved by such liquids as ether, chloro- 
form, benzene, petroleum naphtha, carbon disulfide, carbon tetra- 
chloride, etc. As these solvents are easily evaporated at comparatively 
low temperatures, they have received the general name of volatile 
solvents. Though long employed in the laboratory for the extraction 
of fatty matters, oils, etc., from a variety of substances for experi- 
mental or analytical purposes, their use in this respect for purposes of 
scouring wool on a commercial scale has only been taken up during 
rather recent years. As all of these solvents arc of hii>h price com- 
pared with soap solutions, their cost alone is prohibitory unless the 
solvent may be recovered without any considerable loss, and thus be 



Fig. 19. — Top View of Apparatus (liaudet System). 


used continually to extract the fat from fresh (|iKintities of wool. 
Again, most of these solvents are exceedingly inllammable, and their 
vapors when mixed with air arc highly explosive; consequently, there 
is considerable danger attending their use on a large scale, and the 
greatest care must be exercised in handling them. Alorcovcr, the 
vapors from many of these solvents have an amesthetic or a poisonous 
action on the human system, and on this account, beyond their liability 
to explosion, they endanger the lives of the workmen who have to carry 
out the operations involving their use, unless rigid precautions arc 
taken to avoid inhalation of the fumes. 

In recent vears, liovvever, the construction of suitable apparatus 
for the handling and recovery of tbeve volatile solvents has l)ecn 
brought to sucli a high degree of perfection that the scouring of wool 
by means of volatile solvents is now carried out on a commercial scale 
with a minimum loss of solvent and with but little danger where the 
process is intelligently conducted.^® 

Til' i<Ua of <lt greasing wool by nu ans of volafili' solvent‘s is by no means a new one. 
Attempts ha<l long been made in tins tlirtanm, but wfre usually unsiicrcssful owing to the 
extnmc inflammability and explosive ebarattd of the solvents available (benzine, ether, 
naphtha etc) and tlu l.ick of propt r (oiilr«d in the handling of those materials. On this 
account carbon tetrachloride was tried (the I'clUcr patents) but proved to be too expensive 
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In principle, this method differs from the older process in that it 
removes the fatty matters from the W'Ool in the form of a solution; 
hence it may be called a solution or solvent process in contradistinction 
to the emulsion process. Another essential difference in the two meth- 
ods lies in the steeping operation; in the one, the steeping in hot water 
to remove the soluble cohipounds, if practiced at all, precedes the actual 



operation of scouring with soap licpiors ; whereas, in the second method, 
the stee])ing must follow the treatment with the volatile solvent, since 
the latter is not miscible with water, and therefore the action of the 
.solvent would be inetlectual unless the wool were first dried after 
steejiing, which would entail needless increase in time and expense. 

The principal oi)eration in the solvent process for the scouring of 
raw wool is first to remove the fatty or greasy matters by means of 


for lotnmercial usf Ai'i'ai.itus w.is dcMsctl tt contrcl the vapors of naphtha arul benzine 
and the wool s.iturated with tlu m soKunts; hut cxidosions often occurred due to the 
materials becoming electrically ch.irm d and pro<lucing a spark when near metal so that 
spontaneous explosion was (U\»I()ii(.d Tins Ud to methods for conducting the operations 
with total hmination ot air by the intioduction of an atmospheie of carbon dtoxiue gas. 
The prcsitn ■'ocisscs wliuh h.ivc been so ‘succtssfullv opciated in America have been made 
commercially ' I ossihlc by a hmhly rLllncd tngineering tcchni«4ue in the construction ot 

suitihie appaiatus to handle the wool atnl the volatile solvent in an cflicient and narmk'ss 
manner, so that there is pi attic ally no danger of explosion and the loss in the solvent is 
veiy small. These factors have made it possible to scour wool with naphtha in a most 
effective manner and at a vciy low tost, while furnishing a valuable by-product in the 
form of wool-fat . . • • 

The early attempts at scouiing wool with naphtha were not very promising, as the 
wool so obtaineil was hai slier and more brittle than that scoured by the customary soap 
liroicss in the r.eviathaii, and there was consequently a higher percentage of waste in 
carding and spinning. This was due to the fact that too much of the grease was removed 
from tlio fiber, and it was found ntcessaiy to regulate the pioce'^s that a small amount of 

grease or oil w'as left in the wool (see Kapff, Farb Zeit , 1902. p. 330). 

Tn America the greater part of the w'ool scorned (at least for the manufacture _ot 

woistcd tojis) is probably (lone bv the solvent process which is carried out at the extensive 
plants of the Arlington Mills at Lawrence'. Mass, and Eihcn and Harding at I’hiladclphia. 
In Europe the ju'oeess is canied out at Vciviers, Rclgium, also on a very extensive scale 

In addition to its use for the scouring of raw wool, the volatile solvent, or naphtha 
]>rocess is very extensively used both in Amciie.a and I'.urope for the seouiing of garments 
in the so-called “dry cleaning’' method. Eor this pin pose spccml installation? of apparatus 
are available for use on a comparatively .small scale. This method is pnacticcd chiefiv for the 
pill pose of avoiding the shiinkage in gaiments and the bleeding of colors which nearly 
always occur when woe leu materials aie scoured by the soap and alkali method. _ ^ 

Associated with the volatile solvent piocess are also certain foi ms of soap containing 
naphtha or cariion tetrachloride or other similar solvents Such pioducts are Benzine Soap 
(made by emulsifying hcn/iiie or bc-nzenc (or benzol) with an alcoholic solution of soap), 
Beii/oform .and 'Tel raped (soap compounds emiilsificcl with carhem tetiachloride). 

, In order to prevent the foimati(»n of sparks due to electric- discharges, and the consequent 
risk of explosions 111 dry ele.aning with the use of naphtha or benzene it is customary to 
add to the scdvenl a sm.all amount of magnesia soap (known as “Richtcrol” and also as 
"Antihenzenepynn”) . , 

The following air some of the princip.il European patents relating to the scouring of 
wool with volatile solvents- M Jac(iiics & To. (.er. Fat. 119,718; Pcltzer & Co., Ger. Pats. 
122.800 and 122801; N. Rotisellc. Grr. Pal. 117, 7^7 (sec also Fdrb. Znt. 1901, p. 267); and 
Pcltzer & Co., Gcr. Pat. 160,375 (see also Jaincs Bcncht , 1905, p. 373). 
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certain suitable solvents, and after distilling off the excess of solvent, 
to remove the remaining impurities by treatment with water and soap. 
The success of the process largely depends on the mechanical con- 
trivances necessary to carry it out, but the difficulties attending the 
perfection of these once surmounted, this method of scouring would 
appear at once the most logical in theory and the most economical in 
practice. For not only is the scouring agent employed in the process 
used over and over again with but little loss, but the products obtained 
in the scouring are also recovered in their entirety, and may be utilized 
for the preparation of many articles of commercial value. 

The general procedure of scouring wool (the ])rocess is limited 
almost entirely to the scouring of raw w(X)l) by the use of volatile 
solvents, is to place the wool in a suitable closed apparatus in which it 
may be steeped in petroleum naphtha (the most used solvent, on 
account of its comparatively low cost) ; all air being previously re- 
moved by use of vacuum. After the fatty matters on the fiber are 
dissolved by the warm naphtha, the wool is squeezed (while still in 
the closed apparatus) free from the solvent, rinsed with a fresh quan- 
tity of the naphtha to remove the last traces of the fats, and squeezed 
again. The residue of naphtha still in the wool is then removed by 
volatilization by careful heating, and the wool, completely freed from 
the Sijlvent, is taken out and washed in warm water containing a small 
amount of soap in order to remove the soluble potash compounds 
together with the ditt. The naphtha, containing the wool-grease in 
solution, is run into a suitable still from which the solvent is distilled 
off and collected in cooled condensers, when it is again ready for use. 
That portion of the naphtha used for rinsing the wool after extraction 
is mixed with the fresh naphtha for use on further quantities of wool. 
The naphtha residues volatilized from the wool by heating are also 
condensed and run into the naphtha reservoir. Tn all these operations 
care must be taken to exclude air as far as possible, and also to guard, 
against the ignition of the naphtha vapors by an electric spark or other 
source of flame. Tlie wool-fat left in the stills is collected and sold; 
so it may be observed that in the solvent process of wool scouring tlie 
recovery of the wool-fat as a by-product is compulsory, and, in fact, 
pays the cost of scouring. 

Benzine, or petroleum naphtha, has been the principal solvent em- 
ployed, on account of its cheapness and general efficiency. Carbon 
tetrachloride would be an excellent solvent to use for this purpose, but 
its high cost at the present time is prohibitory; though this solvent is 
neither inflammable nor explosive, nor has it as pronounced amTsthetic 
properties as chloroform and other volatile solvents. It is to be ho])ed 
that processes for the manufacture of this substance may be discov- 
ered that will enable it to be made at a cost which will render it avail- 
able commercially as a wool degreaser. 

The solvent process for wool-scouring was long attempted in Eng- 
land, but for a long time without success ; also on the continent of 
Europe there have been experiments leading to its use, but they seem 
to have been mostly abandoned without practical results. In the 
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Fig. 21.— Showing Installation of Solvent Process for Wool Scouring (Arlington Mills). 
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United States, however, two of the largest wool-scouring firms of the 
country have been using this method for a number of years, and have 
successfully overcome all of the numerous practical difficulties of the 
problem, so that their wool is now scoured at a low cost and very 
efficiently.^^ The raw wool is placed in a kier, the top of which, on the 
inside, is provided with a heavy perforated cover; this is clamped 
securely, and then the top of the kier is screwed down. Suction is 
then placed on the kier, and the air is drawn out to a few millimeters 
vacuum ; after this, the naphtha is admitted to the kier from the bottom 
at a temperature of about ioo° F. ; this is allowed to circulate through 
the wool for about half an hour, then a perforated plunger at the bot- 
tom of the kier is forced up at great jiressure, whereby the naphtha 
containing the grease in solution is squeezed out of the wool, passing 
through both the perforated plunger and tiic perforated cover over 
the wool. This solution is pumped over to suitable stills, from which 
the pure naphtha is distilled off, leaving the wool-grease as a residue 
to be removed from the bottom of the stills. Clean naphtha is now ad- 
niitied to the wool from the top of the kier. and the plunger is allowed 
to go down; this has the effect of drawing the clean solvent very com- 
pletely through the wool. This naphtha is removed in the same man- 
ner as the first charge, and is jnimped over to a reservoir to be used 
again on a fresh lot of greasy wool. The puri^ose of the second charge 
of solvent is to remove the last portions of a(ibcring grease and greasy 
naphtha. Warm air is now forced through the wool and the plunger 
again allowed to fall; this serves to remove from the wool all the naph- 
tha vapors. This air, rather heavily charged with naphtha, is passed 
through a catch-all in which most of the cooled va])ors condense and 
are recovered ; the current of air is then passed out to the atmosphere 
through a water-trap, which prevents any liability to fire or explosion. 
After all of the naphtha has been removed from the wool, warm water 
is admitted to the kier, and the wool is washed in order to remove the 
soluble .salts. Tlie water is squeezed out by means of the plunger, anil 
then the wool is removed from the kier, and given a slight scouring in 
a weak soap bath for the purpose of removing the extraneous dirt. In 
this method of scouring the wool is left in an excellent physical condi- 
tion, the fibers being free and open, and the luster unimpaired, and there 
is no felting and no breaking of the fiber by mechanical action. The 
naphtha is recovered very completely, the only small loss being some 
which remains in the wool-fat after distillation and that which is car- 
ried away in the form of vaj)or by the current of air winch is passed 
through the kier. The time for scouring a i.ooo-poimtl lot of wool in 
this manner is only from one and one-half to two hours, and the entire 
process is mostly automatic. All of the wool-fat is recovered, and has 
a ready sale in the market even in the crude condition ; the wash waters 
are not worked up for the recovery of the potash salts. From the .sale 
of the by-products, the cost of the scouring is entirely paid for, in- 
cluding the cost of the naphtha, labor, ])owcr, and interest on invested 

” Reference is hero made to the Arlinulnn Mills, of r..awrcnce, Mass., and to Krben 
and Harding of Phdadelphia. In the latter plant large iron kiers are employed, capable 
of holding 1,000 pounds of wool at a charge. 




Fig. 22. — Showing Installation for Washing Wool after Solvent Extraction (Arlington Mills). 
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capital. From an experiment made on two lots of 25,000 pounds each, 
the one scoured by the usual soap process and the other scoured by 
the solvent method, and afterwards worked up through all the proc- 



Fig. 23. — Carbonizing Machine for Scoured Wool (C. G. Sargent). 


esses of carding, combing, spinning, weaving, etc., into the same class 
of fabrics, it was found that the wool scoured by the solvent process 
yielded about 10 percent more cloth in the end than the lot of wool 
scoured with soap.’^ 

** In the Arlington Mills, instead of using a current of warm air for removing the last 
amount of naphtha from the wool, a current of warm carbon dioxide gas is used; this 
requires the additional cost of manufacturing and storing large amounts of this gas; but it is 
supposed that the use of such a non-combustible gas very considerably lowers the risk of 
explosion. 
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One of the dangers to which the solvent method of scouring is open, 
and in fact one to which any operation involving the use of benzine or 
other highly inflammable substance is subject to, is that of the benzine 
vapors being exploded by means of electrical discharges. This has 
been the cause of many fires and explosions in dry-cleaning establish- 



Fig. 24 — Carbonizing Dnslcr for Loose Wool (C. G. Sargent). 


ments where benzine is employed for the cleansing of fabrics. An 
electric discharge or spark may be caused by the friction of the fibers 
or materials against each other or against the sides of the apparatus, 
and may take ])lace when least expected. It has been found that by 
mixing a small quantit}/ of soap with the benzine the electrical action 
is greatly reduced.^^ 

In the proper working of the solvent process, care must be had not 

’•A preparation for this purpose known as “Anlibenzinpyrin” is extensively used, and 
has proved to be very cflicicnt; it consists of 10 parts of magnesia soap (from rape-seed oil), 
60 parts benzine, and 20 parts colza oil. (M. Richter, Gcr. Fat. 83,048 of 1893). Another 
product of similar nature is known as “Saponolcin,” which consists simply of a solution of 
ordinary soap in benzine or other suitable solvent. (R. Gartenmeister, Ger, Pat, 87,274 
of 1894.) 
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to remove absolutely all of tlie i^reasy matter from the wool. As 
already mentioned, the j^rease contained in the wool is supposed to be 
of two forms, that which acts as a protective coating on tlie fiber, and 
which forms the j^rcat hulk of the grease, and that which acts as a 
lubricant within the fiber, and which is only present in small amount. 
If the latter is removed as well as the former, the wool will become 
harsh and brittle and without life or elasticity. In order to jn-eserve 
the good (lualities of the wool, it is necessary that this small amount of 
lubricating oil he left in the fiber ; this amounts to from one to two 
percent. In the ordinary soap-scouring method it is not often that 
there is danger of remo\ing this lubricating oil, but in the solvent 
method it is very easily extracted unless the proper conditions be 
maintained. 

The i)lant of Macrteiis’ degreasing system consists principally of 
underground reservoirs containing the naphtha; digesters, coujiled to- 
gether. which are also sunk into the ground, each of which is capable 
of holding about 3000 lbs. of wool; a gas-holder containing non-in- 
tkimmable gas, aiul a compressor cajiable of dri\ing the gas through 
the naphtha reser\oirs and digesters; oil condensers which are placed 
above the digesters, and through which the gas passes on its waay back to 
the holder. These extract and eadlect from the gas the naphtha vapor. 
An air blowxr, healer, and humidifier are ako provided, by means of 
which a current of warm moist air can be circulated through the digest- 
ers and forward through a condenser back to the blower. I he air is cir- 
culated through the digesters to extract the solvent naphtha. 1 he action 
is briefly as follows: (j)inpresscd gas is turned into one of the reser- 
voirs containing naphtha which has been used twice before, thus flush- 
ing dirty najilitha through the first digester, 'flie naphtha is then carried 
away from the iligester through a pipe conm'ction to the distillery, 
where the naphtha and grease extracted are separated, (las is next 
turned through the second reservoir, and najibtlia which has been u'-xd 
once before is forced through the second digester and then through 
the first, from which it passes to the distillerv. C lean naphtha is next 
flushed through the first digester from a clean naphtha tank, or re- 
claimed na])htha is used from the distillery. After leaving this digester 
it is flushed thnnigh the second, from which it is passed to one of the 
reservoirs. d1ic second digester is now flushed with clean najditha, 
from which it is passed to tlie other digest(!r. I he jiropelling or com- 
pressed gas is allowed to go hack to the gasholder over the oil con- 
densers, which collect the naphtha vapor aiul send it hack at intervals 
to the distillery, where the na])htha is reclaimed. I'inally, moist warm 
air is circulated through the digesters to extract all the naphtha vapor, 
but leaves the wool in normal condition as regards the amount of 
moi.sture it contains. A condenser is placed between the blower and 
humidifier for the purpose of extracting and collecting the naphtha 
vapor. P*y this means all the naphtha is reclaimed, and can thus be 
used repeatedly with very little loss. The flushings follow each other 

In use in Eelgium. 
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in quick succession — almost as fast as the valves can be turned. The 
wool when taken out is simply rinsed, no real washing being necessary. 
This operation dissolves all the potash, and the w^ool is delivered from 
the operation of rinsing in an open, free, and clean condition, and re- 
taining all its natural characteristics. The ])rincipal advantages of the 
system of scouring by means of volatile solvents are that it is a quick 
and very cheat) method; a good income is derived from recovered 
potash and grease, the latter being t)urificd according to requirements ; 
the reagents are used repeatedly, and the valuable by-products are 
easily obtained. The agents used have no deleterious effect on the 
wool, and the wool is not submitted to the harmful effect of high tem- 



I'K.. 25. — t.'arl)<)iH/ini4 i)iistor with (.'rii.sli Rolls (Smith & hiirhiish). 


peratur ■ 1'he principal disadvantages are: 'I'he difficulty of dealing 
successfully with large (|uantities of highly intlammahle and explosive 
liquid; large insurance premiums must he ])aid; and the initial cost of 
the plant is considerable. There is also a certain loss of the agent used, 
due to frequent distillation ; this, however, is a minor detail. 


8. Electrolytic Method of Wool Scouring. 

During the past few years a new method of scouring raw wool and 
woolen cloth has been introduced depending on the treatment of the 
material with an electrolyzed solution of sodium carbonate. A special 
apparatus is employed so that an electric current is passed through the 
material while it is immer.sed in the alkaline solution, and it is claimed 
that in this way the fiber is .subjected to the very intimate action of the 
electrolyzed alkaline liquor so that a highly efficient cleansing action 
is obtained. The following is a dcscrii)tion of the Baudot process and 
apparatus: For the scouring of cloth the machine shown in Figure 20 
•is employed. The electrolytic vat is hrst charged with a solution 
of sodium carbonate of 3 to 4° Be. at a temperature of 95°F., and 
then the electrodes are connected with a dynamo furnishing a current 
of 400 amperes and 4 to 5 volts. The fabric to be treated is entered 
into the electrolytic bath after passing over the stretcher and the feed 
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roller and then passes between each series of positive and negative ele^ 
trndes The current thus traverses the fabrics and sets up an elect 
chem oil action within the fiber. After passing through the electro ytic 
bXhe clo h is passed between the s<i«eeze rolls and tlien into the bath 
vd cl con la ns the soapy compounds resulting from the previous opera- 
dd e 1th thei msse through a series of washing tanks and 



s<iuecze rolls. 'I he machine is run at a speed to <lelivcr about lo yards 

S‘llTrealmcm‘of raw wool by the T'-audet Warat^ 

I” r ic cninlnvofl J lie wool is introducccl by o, teecl 
Sraiul l;;^Z rL^s camed.over the perforated- 

table a" y bath : the middle portion serves as a nega- 

it c Sc "■ fc f’rt’ '"i'™ 'i 

wooden insulators are used at suitable positions. After passing tl rough 
the bath the wool is squeezed by rollers, the greasy liquors collecting in 


SCOURING OF WOOL 


73 


the vat shown in Figure 19. The wool passes on to a second similar 
machine and then through two washing vats containing soap liquors 
which completes the scouring operations. 

Very interesting results are claimed by this method of treatment, 
a superior quality of fiber is said to be obtained and a saving of 60 
percent in the consumi)tion of soap. In the electrolytic vats the scour- 
ing is accomplished solely by means of the electrolysis of the salts 
contained in the suint of the wool. 

The following table is given showing a comparison between the 
ordinary process of scouring and the electrolytic method : 

TESTS PERFORMED ON SAMPLES DRIED UNTIL CONSTANT. 





Montevideo Wool Wa^lu d in the 
Ordinary Machine. 

Montevideo Wool Washed 
111 the Raudet Elcclrolyticl 
Machine. 



Products 

Weighed. 

Raw, 
in the 
GroabC. 

After 

Ordi- 

nary 

Scour 

ing 

After 

I'irst 

Wash- 

ing 

Vat. 

After 

Sec- 

ond 

Wash- 

ing 

1 

After 

Third 

Wash- 

ing. 

After 

Fourth 

Wash- 

ing. 

After 

First 

Elec- 

tro- 

lytic 

V.it 

After 

Sec- 

ond 

Elec- 

tro- 

lytic 

Vat. 

After 

First 

Wash- 

ing 

Vat. 

1 After 
Sec- 
ond 
Wash- 
ing 
Vat. 


A 

Wool f.it (i>uiut') 

Per- 

cent 

17 f> 55 | 

Per- 

cent 

15.0 

Per- 
cent 
lO 090 

Per- 

cent 

5.540 

Per- 

cent 

2 o6j 

Per- 

cent 

1.925 

Per- 

cent 

5 410 

Per- 

cent 

3.180 

Per- 

cent 

I 63 . 

Per- 

cent 

I 410 

A 

R 

Suint and soap. . 

4 .325 

1.440 


I 610 

1.260 

I 04s 

3 925 

1 385 

1.775 

1.475 

' B 


Mineral saltsand 
coloring; mat- 
ters soluble in 
water 

9 925 

1 980 



0 7O0 

0 665 

I 870 

1 

1 250 

0 485 

C 



1 S-S 

0.040 

1 s 50 

D 

DlKSt 

25 610 

30 <)f)0 

5.505 

2435 

1 ^70 

0915 

8 975 

5 910 

0 Sqo 

0 S50 


E 

Clean \v(k ' 

4RS 

50 920 

75 05 

>89 475 

04 550 

05 450 

70 820 

,87 075 

94 459 

95 860 



I'he composition of the scouring liquor from the first electrolytic 
vat was as follows : 

sp. gf- f)efore filtration 10.5'’ Re. 

sp gr. after filtration ~ 11.0° F»c. 

Matters in suspension: 

Wool fats (suint) — gr.iins per liter 

Soapy matters, etc. ~ 3.008 “ “ “ 


9. Carbonizing of Scoured Wool. 

After wool is scoured it is frequently caibonized before being 
dried. This is for the purpose of removing all vegetable impurities 
from the fiber, including threads, plant tissues and burrs. For the 
purpose of carbonization the .scoured and washed wool is steeped for 
.several hours in a dilute solution of sulfuric acid of 5 to 8 Tw., then 
well squeezed or hydro-extracted and then dried in a carbonizing oven 
or drying apparatus. It is inqinrtant that the acidified wool be first 
dried at 125 to 140° F., and finally carbonized by heating to 212° F. 
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If the treated wool were heated directly to the higher temperature it 
would be made harsh and brittle. 

After heating the dried wool is put through a machine with fluted 
rolls and a rapidly revolving toothed cylinder or beater. This mechani- 
cal action breaks up all the decomposed vegetable matter and dusts 
it out of the wool. As the purified wool is still in a rather strongly 
acid condition it is washed first in warm water, and then in water 





containinir a small amount of soda ash for the puri.osc of neutraliamR 
the acid residues, and finally in fresh water so as to eliminate all excess 
of soda ash. 'I'his latter is very important, as if any residue of alkali 
were left in the wool, on dryinf; it would become concentrated and 
cause injury to the fiber, and also have a bad effect on any after dyeing 

^ Frequently in large establishments the acid treatment is carried 
out in continuous process in a Leviathan machine, and often the wool 
is slightly blued during the washing process after carbonizing, so as 
to give the fiber the effect of being bleached. 


Chapter V. 

Scouring of Wool (Cont’d). 


I. The Drying of Wool. 

The proper drying of the wool after scouring is an important 
process, and one whieli is liable to be carried out in a careless and 
haphazard manner. It may be said that air-drying at the ordinary 
temperature gives the best results; but as this requires a long period 
of time it is seldom practicable. Drying by means of artificial heat is 
usually employed, and great care must be taken not to allow the tem- 
perature to become too high, or the wool will become “burnt”; it loses 
its luster, acquires a harsh feel, and becomes brittle and often dis- 
colored.^ 

The princi])les to be borne in mind in the proper drying of wool 
are the following: In the first place, the more water present in the 
wool, the higher the temj)eralure to which the fiber may be subjected 
without danger of injury; for the beat is first used up in volatilizing 
the water, so that the liber itself *< not really subjected to a higher 
temperature at all, and, of course, the higher the temperature the more 
rapid will be the removal of the water. In the second place, as the 
amount if w'atcr in the wool becomes lessened there should be a corre- 
sponding decrease in the tem])eraturc to avoid overheating of the fiber. 
In the third place, since the amount of moisture volatilized is not only 
dependent upon the degree of temperature, but also on the amount of 
moisture already in the atmosphere surrounding the wool, the rapidity 
of drying of the w^ool will be much increased by systematically remov- 
ing the air as it becomes saturated wdth moisture and supplying fresh 
dry air to come into contact with the wool ; the greater the supply of air 
per minute the more rapid will be the volatilization of the water. In 
the fourth place, it can be readily understood that the wmol should not 
be dried lower than the normal content of moisture, and at this point 

'Oiiliiiary dry air i>ivcs the best results, but it becoiius so quitkly saturated with inois- 
tuic that it IS not practicable to use it owing to the laige volumes lequired. The common 
systems of drying wool have ai i.ingements vliereby cui rents of naim air are circulated 
fieily in and around the wool, which is spread out in smh a way as to give free access 
to Uic cvirrents, which abstract the moisture fiom it. It must he noted, however, that 
drying with a high temperature tends to discolor the wool, ln1ur^ its luster and handle, 
rob the fiber of its supjilcncss, and impair its elasticity and strength. It is quite as im- 
portant to dry the wool carefully and at a low temiieratuie as it is to scour it with the liquor 
r^ot too strong and the teinpeiatnrc not too high If wool is injiiied by too high a tempera- 
ture in cither of these piocesses, it is much inoic difficult to woik in the subsequent 
processes, and an inferior product is obtained at every stage, at a greater cost, and with in- 
ei eased production of waste. Wool should not he dried at a higher temper.attire than 160° F., 
and the best results are obtained by diying at tempeiatures laiiging from 9o°_to_ 120“ _F, A 
temperature of 160° F., or even higher, will not injuie the wool so long as it is giving off 
moisture. 
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Raw Stock Wool Dryer (C. G. Sargent). 
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the temperature to which the fiber is exposed should he about the 
normal temperature of the air. 

The aim of most drying-machines for wool is to realize these con- 
ditions as perfectly as possible, and at the same time to allow of the 
rapid drying of the wool with the most economical expenditure of heat. 
In most forms of drying-machines, the wool is carried through a long 
chamber or series of chambers. As it enters the machine it meets a 
comparatively high temperature, and care must be had that there is no 
danger of the wool becoming unevenly heated, with the danger of 
burning portions of the mass. As the wool progresses through the 
machine it is continually losing its excess of moisture, and the tem- 
])erature to which it is subjected is correspondingly lowered. As the 



1^'fc.. 20 — Apron Dryer (Proctor & Schwartz). 


wool finally emerges from the machine the temperature should be not 
far above that of the air, and the wool should be normally dry. During 
the progress of the wool through the machine it is met by a current of 
air blown or drawn through by means of a suitable fan. It is by means 
of this draught of air that the volatilized moisture is removed from the 
fiber. 

If wool is dried at a temperature of 212^ 1 ^. until all of its mois- 
ture is removed, the fiber will suffer a permanent injury to its physical 
properties. Ifven if exposed to temperatures considerably below this 
until it arrives at a condition in which its hygroscopic moisture is far 
below that normally present, the fiber will undergo permanent change 
in its physical proi)erties and will not return to its original state when 
exposed again to normal conditions of temperature and moisture. A 
lX)rtion of the moisture which is contained in the wool fiber under 
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normal conditions is held there, no doubt, in a merely mechanical 
state; that is, absorbed in a capillary manner by the porous nature of 
the wool; but another portion of such moisture appears to exist in 
some form of chemical union with the fiber itself. The moisture held 
by the fiber in this condition may be termed “water of hydration’^ and 
its removal no doubt causes certain changes in the intimate composition 
or structure of the fiber so that its physical pro[)crtics undergo perma- 
nent alteration. Just what amount of this “water of hydration” is 
normally present in wool has never been determined, but it is no doubt 
equal to several percentage. The water of hydration of wool may be 
compared with the water of crystallization of certain salts, such as 
soda crystals, bluestone, etc. The physical ]n»perties of these salts are 
largely dependent upon their water of crystallization, although their 
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chemical nature is in no wise affected hy it. J'or instance, soda crystals 
occur in the form of large, well-defined crystals, colorless and trans- 
parent, hard and brittle. If, however, these crystals are heated above 
212° F. for some time so that the water of crystallization is driven off, 
the crystals lose their physical properties, and change to a white pow- 
der, without any crystalline form. In the same manner when crystals 
of copper sulfate (lilucstone) arc heated so that they lose their water 
of crystallization, the crystals lose their blue color and crystalline 
character, becoming white and pulverulent. 

The destructive action of high temperatures on w^ool may be pre- 
vented to a certain extent hy the addition of a solution of glycerin to 
the fiber. It is said that if wool is saturated with a lo percent solution 
of glycerin the material may be exposed to a temperature of 280° F. 
without injury to the fiber. This action can no doubt be explained by 
the fact that glycerin is a substance which retains water with great 
power, and that even at such an elevated temperature all of the water 
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is not removed from the wool fiber, as would otherwise be the case if 
the glycerin were not present. 

2. The Scouring of Yarn. 

When wool is carded or combed and spun, it is necessary to add 
a certain amount of oil to the stock in order that the fibers may not 
become injured in the mechanical processes through which they pass; 
the presence of the oil also renders the wool more plastic and hence 
considerably facilitates the working of it into fine yarns. To woolen 
yarns, as a rule, a much larger amount of oil is added than to worsted 
yarns, and the oil is also usually of a ditferent character. 

Ik' fore the yarn is in a fit condition to he dyed, the oil which has 
been added must be removed; also the miscellaneous dirt which the 
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yarn has collected during the processes of manufacture must be taken 
off. The amount of imjnirities to be removeil from yarns will of 
course vary largely with the character of the yarn and the method of 
its spinning. As a rule, however, woolen yarns will lose from 8 to 15 
percent on scouring; worsted yarns will lose only from 2 to 10 percent ; 
carpet yarns may lose as high as 25 percent. In some cases, such as 
mule-spun worsted yarn on the French system, no oil is used, and the 
yarns do not require scouring. 

The kind of grease and other impurity to he removed from yarn is 
f;i,r different from that to be found in raw wool. It consists chiefly 
of an easily emulsifiahlc oil together with ordinary dust collected on 
the yarn. I'he process of yarn scouring, however, is very similar to 
that of scouring raw wool; a soap solution being employed, to which is 
usually added a certain amount of alkali. For the scouring of raw 
wool, as a rule, the amount of alkali is in excess of the soap; but for 
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scouring yarns, the reverse is the case, and more soap than alkali is 
used. The exact composition of the bath will vary with the character 
of yarn to be scoured, and the nature of the oil on the fiber ; but as a 
rule, a bath may be used containing from 2 to 4 ozs. of soap and 3^ to 2 
ozs. of soda ash (or potash) per gallons. Tlic yarn is simply worked 
in this bath at a temperature of about 140^^ F. until thoroughly cleansed. 
For fine single worsted yarns of good luster which are liable to become 
felted or lose their brilliancy, it is best to use a scouring bath con- 
taining only soap, and not have the temperature above 100° F. In 
some cases, woolen yarns may be very dirty and contain a considerable 
amount of iron ground in with the grease present. Such yarns, for 
instance, which are made of the wool which is passed first through a 
newly ground set of cards. If yarn of this nature is scoured in a bath 
containing alkali, the iron will be fixed as a mordant in the fiber, and 
it will be impossible to get the wool while, or to dye it satisfactorily. 
In order to obviate this trouble the yarn should he scoured in a bath 
cont. fining only soap in solution, when it will come out white and free 
from iron. 

After the yarn has been sufficiently scoured, it must be well washed, 
preferably in lukewarm water, in order to remove all traces of the 
soapy li(juor; for if the soap becomes dried into the w^ool it will give 
rise to all kinds of difficulties and faults in the after dyeing and finish- 
ing operations. 

The proper scouring of yarn is a very important process to the 
dyer; for if the yarn has not been thoroughly cleansed of the impurities 
it contains, and if the soap, in turn, has not been completely removed by 
washing, imi)erfect d}eing will nearly always be the result. The dyer 
himself should always scour the material he is to dye, unless he can 
ahvays rely on it having been done previously in a satisfactory man- 
ner. Sometimes, yarns are treated with solutions of sodium bisulfite 
after scouring, in order to give them a whiter appearance. In such 
cases, more or less sulfur dioxide remains in the wool, and may cause 
had and unevendyeing due to the destructive action of the sulfur dioxide 
on the dyestuff. The practice of sulfuring w'ool in this manner is to be 
deprecated, as it becomes an uncertain and injurious factor in the dye- 
ing operation. Its bad effects may be counteracted by subjecting the 
material to the mild action of some oxidizing agent, such as a weak 
bath of chloride of lime, sodium peroxide or potassium permanganate. 
This destroys any residue of sulfur dioxide present and renders it 
harmless. 

In the case of yarns which arc hard twisted, there is a tendency to 
curl up, especially when wet out. Such yarns should be stretched and 
steamed before scouring in order to remove the curl, otherwise they 
are liable to become seriously matted and tangled. Yarn stretching 
depends on the fact that when wool is stretched and steamed or placed 
in hot water, the fiber becomes very plastic, like a piece of steamed 
horn; and if it is cooled while still under tension the fiber will retain 
its straight form, and show but little tendency towards curling when 
again wetted. This operation is often spoken of as ''crabbing’' the 
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yarn ; although this term is more often applied to a similar operation on 
piece goods. 

Sometimes yarn is spun from fleece-washed wool in the grease with- 
out any previous scouring of the raw material. In such cases, of 
course, a considerable amount of the original wool-fat is still present in 
the yarn, and the latter should be scoured in about the same manner as 
the raw wool itself would be. 
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3. Wool-oils. 

It has already been noted that when scoured wool is carded and 
spun it is necessary to add ^onie oil to the stock in order to get the best 
results from tiiese operations. The oil is ap])lie(l in order to lubricate 
the fibers and make them more ])liable; it al.so has the effect of ])rescrv- 
ing the quality of the surface serrations on the fiber, as to a certain 
extent the oil furnishes a protective coating over the entire surface of 
the fiber. This permits of the wool s1f)ck being opened and the fibers 
properly discntangle<l ir the carding with a minimum of physical dam- 
age. Furthernu)re, if the scouring has been too severe or if the drying 
has been carried out at too high a temperature or if there has been an 
improper circulati(m of air through the drving ajjparatus, the wool will 
have been rendered unnecessarily harsh and brittle, and hence the addi- 
tion of oil is required to counteract this as far as possible. If greater 
care w’cre exercised in the ])rocesses of scouring and drying there 
would no doubt be less necessity for the oiling of wool stock, or at least, 
less quantity of oil would be needed. 

(Jil is usually applied to wool stock in the form of an emulsion, 
made by mixing the oil with water and alkali. As some oils are more 
easily emulsified than others, it becomes a question of considerable 
importance to select the proper oil for treating the stock previous to 
spinning. For worsteds, it is customary to employ olive oil of good 
grade, this being emulsified with soap, alkali, ammonium carbonate, 
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ammonia water, or borax. On lower grades of stock, cheaper oils and 
preparations are frequently used, and sometimes these are rather diffi- 
cult to subseciuently remove from the fiber by ordinary scouring. Lin- 
seed oil is sometimes used in such mixtures, and as this oil undergoes 
oxidation on exposure to the air and becomes dry, yarns on which it is 
used should be scoured soon after spinning, otherwise the oil will form 
a kind of varnish over the fiber, the removal of which will give consid- 
erable difficulty. This same observation is also more or less true of 
such semi-drying oils like cotton-seed oil, etc. 



The principal oils em[)loye(l in ])ractice are the vegetable and animal 
oils, as these are the iiiosl readily eniulsilied and saponified. The oils 
that are actually employed are: olive oil, lard oil, olein, cottonseed oil, 
black oil and brown oil (recovered oils).- There arc also numerous 
]n-oprietary compounds and emulsions on the market, usually consisting 
of an oil and a soaj) solution and generally having more or less added 
alkali. 

The best oils to employ for wool stock are lard and olive oils, or 
mixtures of these. They aj)pear to amalgamate satisfactorily with the 


, * Various kinds of recovered oils, and mixtures of recovered oils with vegetable oils 

; ara used in large quantities in the medium and low-grade woolen trade. The recovered 
! oils are obtained by reclaiming the fat or grease from the waste scouiing liquors of raw woe/ 
f and the grease resulting from the scouring of yarn .and cloth. In the first case the oil is a 
i combination of wool grease and the fatty matters from the soap used in scouring, while in the 
f latter case the oil consists of a mixture of the soap fats and the grease from the oil usei 
1 in oiling the wool, nccovcicd oil m its most impure form is termed black oil, and when 
\ slightly purified it is known as brown oil, while olein oils are produced by further purification 
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wool fiber and with the natural oil or grease which may be left in the 
wool from the scouring of the raw stock. These oils do not harden or 
gum, and consequently do not clog up the teeth of the card wire. In 
applying these oils it is customary to use them in the form of an emul- 
sion with water containing borax (or other alkali) ; generally about 
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equal parts of oil and water arc used, sufficient borax being added to 
bring the mixture into the state of a good permanent emulsion.^ dhe 
amount of oil emulsion reejuired for wool stock is from two to five 
quarts per hundred pounds of w^ool. A good emulsion to use for 
worsted stock is as follows: Dissolve 12 ozs. olive oil fig "^oap and 2 
ozs. pearl ash in 2 gallons water; then stir in 5 quarts of olive oil, and 

* Wool-oils are practically always applied in the form of an emulsion, as in this form 
they are more fluid and can be diffused more thoroughly over the material. There are 
several methods of making an emulsion, the object always Dcing to obtain an intimate mix- 
ture or amalgamation of the oil and water. In order to unite the oil and water satistac- 
torily, soda ash, borax or ammonia is generally tmplnycd.^ — the first alkali being used with 
the low-class emulsions and the other two with the iKtlcr class. The water employed in 
preparing these emulsions should he soft and jiure, and probably the most satisfactory water 
for this purpo.se is condensed steam. In preiianng the emulsion the water is first heated 
and the alkali and the oil added with constant stirring. It is important to use neither too 
little nor too much ammonia, for in the first case the union of the oil and water will not be 
sufficiently thorough, and m the second case the emulsion will be too thick. 



SCOURING OF WOOL 


85 



25 lbs. 

45 lbs. 
6 lbs. 


Fig. 36 — Double Crabbing Machine. 

heat until a homogeneous emulsion is produced.”* Another form of 
emulsion ■ u' worsted stock is the following: To 2 quarts of water at a 

‘In the pfL 'ration of this enuil'iiin it is rccommctulcil to cool to 100° F., keep at this 
temperature foi 2 hours, and add after one hour: 

Water 50 Ihs. 

Potassium clilotide 25 lbs. 

A solution recommended foi fine wool is as follows: 

Water 200 lbs. 

Panama bark 

Stir will at 100° F. and add: 

Olo'e oil 
Ammonia 

If the solution is not white and viscous, atld more ammonia and heat the mixture while 
It IS being stirred. 

Another emulsion for oiling wool stoi k is the following: 

Water 320 lbs. 

Fulling soap 42 lbs. 

Olive oil 75 lbs. 

Ammonium sulfate lbs. 

Cottonseed oil 90 lbs. 

Heat for 3 hours to 110° F. 

Solution tor colored tops; mix lukewarm with stirring: 

Cottonseed oil 36 lbs. 

Black soap 21 lbs. 

Water 125 lbs. 

Add at a boil: 

Irish moss iS ^bs. 

Water loo lbs. 

Stir well and allow to cool to 100° F. 

Kaltenbusch solution; 

Potato starch lYi lbs. 

Olein 5 lbs. 

Mix into a paste form and add: 

Water S8 lbs. 

Let boil and stir well. 

Labarthe mixture: This has for a base rosin oil mixed with an caual quantity of a 
gelatinous emulsion of lichen or seaweed. It is claimed that wool-oil with this mixture can 
he scoured clean in water at 100® F., containing i percent of white soap. 
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temperature of 120*^ F. slowly add i quart of good olive oil with con- 
stant stirring ; then add i gill of ammonia water and stir well ; this gives 
a good emulsion which is very permanent.® 

From a series of experiments by Spennrath ® it has been shown that 
oils employed for wool spinning may be mixed with 30 percent of 



mineral oil without detriment. Though the use of mineral oil cannot 
well be justified, as it is rather difficult to remove from the fiber, it 
appears that when mixed with vegetable oils it is easily emulsified by 
means of soap and soda solutions. If olein is used, a two percent 
solution of soda is the best scouring medium; whereas if olive oil is 

•The quantitpr of emulsion to be employed for oiling wool depends very largely on the 
kind and condition of the materials composing the blend of stock. For a high-class all-wool 
blend about one gallon of olive oil emulsion should be used per loo pounds of stock. In 
the case of shoddy or mungo blend the materials will have been pulled in oil and from one 
to two gallons of black oil per loo pounds will have been applied prior to pulling, therefore 
in the blending only about half a gallon of black or brown oil per loo pounds need be 
employed. 

• Dinglt/s Polytech. Jour., vol. 294, p. 44. 
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employed, soap should also be added. Scouring such mixtures with 
fuller’s earth or with ammonium carbonate is not satisfactory. Other 
authorities, however, discountenance the use of mineral oils for such 
purposes altogether. 

Wool-oils may frequently contain glycerin, soap, and other con- 
stituents. A patented product, for instance, called Soluble Neolin, is 
composed of loo parts water, 15 parts soap, 30 parts heavy petroleum 
oil, 8 parts potassium carbonate, and 25 parts glycerin. 

The use of wool-fat itself has been suggested as a wool-oil. This 
substance has the good property of very readily forming an emulsion 
with warm water alone, and also with soap or alkaline solutions; also 
it does not harden or otherwise suffer alteration on exposure ; nor does 
it become rancid or in any manner injure the good qualities of the 
wool fiber. Emulsions of this material have appeared on the market 
and seem to have met with considerable favor. Such an emulsion may 
he formed by dissolving one part of soap and five parts of wool-fat 



Fir., 39.— Scouring Machine, Old Paddle Type. 

in six parts of hot water, stirring the mixture until a thick creamy 
emulsion is formed, after which about 90 parts of cold water are 
added. This emulsion is of a very stable character, and remains 
homogeneous and permanent even when cold. 

Wool stock should be oiled just as the material is passing into 
the cards, for the addition of the oil docs not only give proper lubri- 
cation to the fiber, but the water which is also present in the emul- 
sion adds much to increasing the plastic quality of the wool and thus 
aids in its proper working. If the emulsion is applied too long before 
the wool is put through the card, the majority of the water in the 
emulsion will evaporate, thus causing the wool to become drier than 
it should be ; and also as the water evaporates the oil of the emulsion 
is liable to separate out unevenly throughout the stock, and thus 
give rise to uneven results in the spinning operations. 

An ideal wool-oil should possess considerable fluidity so as not 
to gum up in the cards, and also to enable the oil to spread in such 
a manner as to obtain as thorough and even a distribution over the 
wool as possible, and at the same time it must also possess sufficient 
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body and viscosity in order to remain on the fiber. It should not be 
oxidizable, nor possess any oxidizable constituents. Furthermore, it 
should be completely emulsifiable in order that it may be easily and 
completely removed by simply scouring; it must be non-evaporative, 
otherwise the wool would become harsh and brittle before the spin- 
ning was completely finished, and also different lots of wool would 
not show even results; it must be free from sulfuric acid, or, in fact, 
from acid of any description, else the metal of the cards and spin- 
ning machines would be attacked and rusted, and considerable iron 
would get into the yarn; it should not contain any substances which 
favor the growth of fungi or other micro-organisms or ferments, 
as these will weaken the wool fiber; in the opinion of many, it should 
be free from all hydrocarbon or mineral oils; and finally it must 
also be cheap. 

From the experiments carried out by Spennrath ^ on the use of 
mineral oils for wool have developed some interesting facts. In the 
case of goods treated with mineral oil solely, the best results in 
washing were obtained with a fulling soap, and the least good with 
soda ash ; fuller’s earth did not work at all satisfactorily. When a 
mixture of equal parts of mineral oil and olein were used, the best 
washing medium proved to be soda and soap; fuller’s earth did not 
answer, and ammonium carbonate was found to be absolutely use- 
less, as it led to the precipitation of a sticky mass which adhered to 
the fibers. When a mixture of olive and mineral oils was used, soap 
proved to be the most efficient scouring agent, while ammonia was not 
at all satisfactory. From his experiments, Spennrath concludes that 
mineral oil may be used to the extent of 30 percent in the preparation 
of wool-oils. Walther, another experimenter, on the other hand, con- 
cludes that mineral oils should be entirely excluded from wool-oils. 
Lewkowitsch ® supports the opinion of the latter, and claims that 
mineral oil should not be used in connection with l)etter class goods. 

It is claimed in England that when everything is taken into con- 
sideration, olein is perhaps the most satisfactory material for the oil- 
ing of woolen goods; but in the case of worsted material,® olive oil 
alone should be used, as this is the only oil which will allow the rov- 
ings to remain for any length of time without oxidizing. When olein 
is used on worsted, it is impossible to spin within 8 or 10 counts to 
that which can be spun when olive oil is used. 

All authorities are agreed that the best oil to fulfill the required 
conditions is a good quality of olive oil. A good test for the quality of 
olive oil for use on wool stock consists in mixing three parts of the 
oil with one part of concentrated nitric acid, and observing the color 
after standing for 1^2 hours. If the oil is pure, or only mixed with lard 
or castor oil, the color will be yellowish ; but if seed oils or sperm, seal, 
whale, or mineral oils be present, a red color will have developed, 
varying in intensity with the amount of other oil present. Seed and 

' Dingler's Polytech. Jour., vol. 294, p. 44. 

* Jour. Soc. JJyers & Col., 1896, p. 60. 

• Although there is no fixed standard for the amount of oil to be used on worsted tops, 
it has t^n found that from 2 to 3 parts of oil per 100 parts of tops is about the best average. 
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seal oils give a reddish orange color, while mineral and fish oils give 
a darker red. The addition of lard and castor oils to olive oil increases 
both its density and its viscosity. Nearly all oils arc somewhat volatile, 
but olive oil is very slightly so, while with sperm and mineral oils the 
evaporation is considerable. 

It is poor policy to employ an unnecessarily cheap oil on wool 
stock; though there is frequently a tendency to use a lower-class oil 
than the material warrants, and this is especially the case where yarns 



Fig. 42. — Delivery End with Squeeze Rolls and Apron (C. G. Sargent). 


are being spun for sale in the scoured condition.^® Whereas the first 
cost of the oil is an important matter and must be adjusted to eco- 
nomically suit the grade of material being manufactured, nevertheless 
there are certain disadvantages in the use of very cheap oil which 
should be thoroughly understood, for a low-grade oil may adversely 
affect the production of the yarn both as regards to quality and quan- 
tity. It oftens happens that in cheap oils a considerable quantity of 

yarn is to be scoured immediately after spinning and then dyed or sold it is general 
practice to employ a lower class of oil than when the yarn has to be stored for some time 
or even if it is used directly for weaving in the unscoured gray condition. It is easy to 
appreciate the reason for Uiis practice, for an inferior oil oxidizes much more rapidly than a 
higher grade oil, and a sticky resinous deposit is formed on the fibers which is very difficult 
to remove or scour from the material, and the longer the material is kept in the greasy 
condition in the form of either yarn or cloth, the greater is the degree to which oxidation 
may proceed. 
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free acid is present; this is especially true with black recovered oil 
where an excess of sulfuric acid has been employed in the ‘'crack- 
ing” of the waste scouring liquor from which this oil is derived, and 
even in the case of olein oil, residual acid may be left in the oil 
through improper manufacture. The presence of this acid in the oil 
materially shortens the life of the card clotliing and the increased 
cost of this item may far overbalance a snp])Osed saving in the 
original cost price of the oil. 









Fig. 43. — Swing Rake Scouring Machine (iLiiglish T>i)c). 


4. The Scouring of Cloth. 

Before woven cloth can be put through its finishing operations 
proper, it is necessary that it be scoured in order to remove from it 
the grease and dirt which it contains. .Sometimes yarn is woven direct 
into a fabric without being scoured; this occurs in the case of yarn in 


the gray, or with colored yarns spun from stock-dyed wool. In such 
cases, of course, the same impurities are present in the cloth as 
would be found in the yarn, together witli any si/ing material, etc., 
which may have been used in addition. Also, the cloth in the process 
of weaving and handling acquires a certain amount of additional dirt 
and foreign matter beyond even that which is to be found in yarns. 
On the whole, however, the impurities in cloth may be taken as being 
of about the same class as those in yarn, and are to be dealt with 
in the same manner; the chief difference being in the manipulation 
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of the material and the form of apparatus employed for the scouring. 

In the case of cloth containing dyed material, especially if yarn 
dyed, it is essential that the scouring be conducted in such a manner 
as to least injure the color; though it may seem from this very cir- 
cumstance that the dyes employed for the coloring of loose stock 
should be of a class that is fast to rather severe scouring; for this 
loose stock is spun up into yarn with the addition of oil, and is not 
scoured until after the piece has been woven ; in consequence of which,, 
if the dyes are not fast to scouring, the color will run and stain the 
goods. If the wool is dyed in the form of yarn, this has previously 
been scoured before dyeing, hence in the woven piece there will be 
but little grease, and the scouring need be but very mild. On this ac- 
count, yarn-dyed material, as a rule, need not be dyed with as fast 
colors as loose wool. If, however, dyed yarns are woven with gray 



yams, or with varns from loose stock dyed material, the same condi- 
tions will apply as if the entire piece were made from stock-dyed wool, 
and all the colors would have to be fast, as the scouring would have 
to be about as severe as if the piece did not contain yarn-dyed wool, 
but only stock-dyed wool. From these remarks it may' be easily un- 
derstood that the proper scouring of woven pieces will in a great 
measure be regulated hy the character of the goods, and the scour- 
ing baths will be weak or strong, neutral or alkaline, according to 
the condition in which the yarns exist in the piece and the charactei 
of the dyes employed. 

IVIany pieces woven from mixed yarns of ('ottoii and wool (known 
as union goods) shows a tendency to crimp and cockle up when 
scoured. This is due to the unequal shrinking of the two yarns. The 
same condition will also exist to a greater or less extent in pieces 
woven from yarns made of different classes of wool. In order to 
overcome this difficulty, the pieces must be subjected to a process 
analogous to that of yarn stretching, and known by the name of 
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crabbing. The cloth is passed in a stretched condition through hot 
water and then allowed to cool while still stretched. Steaming may 
also be resorted to, in which case the material is wound around a 
perforated cylinder through which steam is forced. 

It is said that in the case of certain oils being used for oiling the 
wool, crabbing by steam causes an oxidation of the oil, producing 
decomposition products which arc usually colored and are of a 
resinous character and difficult to remove. This may sometimes ac- 
count for the appearance of stains, the origin of which is otherwise 
unknown. 

When woolen pieces are scoured with soap, unless they are subse- 
quently washed well with warm water, there is danger of some of 
the soap being left in the cloth, with the result that uneven results 
will be obtained in dyeing. Coarse, common goods can usually be 
scoured for dyeing both quicker and cheaper by the use of alkali than 
by the use of soap. Worsted material, however, should be sparingly 
treaicd with soda ash, or even with potash, as the effect upon the 
handle of the goods becomes very marked ; even the use of a soda 
soap tends to make them somewhat harsh. Fine woolen material 
containing chiefly olein oil with a large proportion of fatty 
acid, may be treated ^\itll a much larger percentage of alkali (prefer- 
ably potash) than goods in which olive oil free from fatty acids 
has been used, for while the former is readily saponified, even in tepid 
water, the latter must be removed by the formation of an emulsion. 

With the scouring of woolen cloth, there must also be frequently 
considered the fulling of the same, as the two operations are gener- 
ally carried out together. Rut as fulling belongs to the province 
of cloth finishing, it will not be discussed at this point, beyond giving 
the following brief remarks. One of the chief points to consider in 
this connection is that of the soaps to be used; that is, their dirt- 
removing power and their lathering power. For a good scouring soap 
is not generally a good fulling soap, an olive oil or olein soap will 
remain in solution undccompo<^ed at a much lower temperature than 
a tallow or palm oil soap, and therefore is more readily removed from 
the cloth by washing. In fulling, however, it is required that the soap 
stay in the goods for some time, and therefore a tallow or palm oil 
soap is preferable. But after the fulling operation is completed, these 
latter soaps require that the water used in washing out the suds be 
much warmer than with the before-mentioned soaps, in order to secure 
their perfect removal from the interior of the closely felted fabric. 



Chapter VI. 

Machinery for Wool Scouring. 

1. Machinery for Scouring Raw Wool. 

Raw wool was formerly scoured more or less by hand by simply 
steeping h in the scouring liquors contained in large tanks, usually of 
a round bowl-like form. 1 he wool was moved about by long poles 
until thoroughly cleansed; it was then caught up in nets or suitable 
cages and allowed to drain, then removed to the washing-tank where 
the polcing was repeated. This method of scouring is still employed 
in small establishments, but where large production is desired, ma- 
chines of suitable con.struction are now almost entirely employed. 
There are many forms of the.se machines on the market, with their 
several points of advantage. In principle, they consist, for ^he most 
part,^ of a long tank, or a series of tanks, containing the scouring 
solution, and there are usually from three to four of such tanks, or 
even more if the occasion demands. The long range of machines of 
this character is usually termed a Le^nathan. The greasy wool is in- 
troduced in the first tank or ^‘bowl,’^ as it is called, by means of a 
tiavelin, * apron, and it is carried along through the apparatus by means 
of movab;,? forks which maintain the wool in a constant and slow 
motion, in some cases, the first bowl is filled merely with warm water, 
which serves to thoroughly wet out the fiber and also to remove the 
mafority of the mechanically adhering dirt. All of the tanks are pro- 
vided with false bottoms under which the precipitated dirt may set- 
tle. In other cases, especially where only three bowls are used, the 
first one contains the old or dirty soap liquor, while the second bowl 
contains the clean and fre.sh soap liquor. The wool passes from the 
first bowl through squeeze rollers into the second bowl in a partially 
scoured and comparatively clean condition. It traverses the second 
scouring bowl, in which all of the grease should be removed, and 
going^ through squeeze rollers again, is brought into the third bowl. 
This is filled with warm water, and is for the purpose of washing the 
wool free from all soapy liquor. It finally emerges through squeeze 
rollers and is carried by a traveling apron into the dryer, through which 
it is carried by a slow motion in such a manner that when it finally 
emerges it is properly dried. In most mills the dry wool is blown by 
an air-blast through large pipes from the dryer up to the carding 
room. When several scouring-baths are employed, they should be so 
arranged that the dirty wool should first encounter the oldest and 
dirtie.st soap liquor, and as the wool progresses it should meet fresher 
and cleaner liquors. When the first scouring-bath becomes too dirty 
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to be of further use, it is run off, and the liquor from the second 
tank takes its place, and so through the series, while in the last 
scouring-tank a freshly prepared soap liquor is added. The motion 
of the wool should be so adjusted that the grease is completely re- 
moved within the time of scouring, and also with a view not to felt or 



mat the fibers. If the wool is agitated too much felting will take 
place very rapidly, especially in soapy liquors, mid felting will, of 
course, result in broken and short-stapled fillers in the combing and 
carding processes, and a consequent loss of value on the wooM 

In figure 43 is shown a scouring machine known as the rmng-rakc 
type .2 As at present generally used the machine consists of as many 


' Machines of this character arc capable of scounuK a larse amount of wool per day, 
and as the material is very gently moved around the iherb arc but slightly felted The 
repeated heavy compresMon of the wool by passing through the squeeze rolls is also 
essential, not only for the obvious purpose of squeezing out the excess of dirty liquor from 
the preceding tank, but even more for the purpose of breaking up lumps of grease and dirt 
that would otherwise not be readily cniulsihecl and rnnoved by the scouring liquors In 
scouring by this process care must be had not to have too much wool in the as the 

materiaf should be freely suspended in the liquor so that the soap solution may act efficiently, 
and also to allow of the dirt and sand to separate out and settle down free froni the fiber. 
The strength of the soap and alkali, solution is greatest in the first ^tank and weakest, m the 
third tank, while the temperature in the first tank should be 105 F., that m the second 

tank^^o» F^^ and that n.iginal method of propelling wool ^rough the 

scour liquor by mechanical means. It has been subjected to many improvements in detail 
Since the original machine wa» put on the market, and has still a very prominent place 
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as thirty rakes divided up into three or four bowls. The speed at which 
the rakes run is usually 6 to 14 strokes per minute, and a higher 
speed is not desirable as too much agitation of the wool causes it to 
become felted or matted. The wool enters the machine on the feed 
lattice, and is caught by the hrass-covered immerser which forces 
it down into the liquor, effectually soaking it, and thus prevent- 
ing it from floating. On leaving the immerser the wool is caught by 
the first rake which carries it along through the liquor and delivers it 



Fig. 48— Delivery End of Bowl with Auxiliary Rake (James Hunter). 

to the next rake, and so on till it reaches the delivery end of the 
bowl. Each rake is separately balanced and its fitted with brass 
prongs, and has a slow forward and a quick return movement. As the 
wool is carried forward through the scouring liquor a large quantity 
of dirt is removed, and this falls down through the perforated false 
bottom plates, and as there is no agitation of the liquor below these 
plates the dirt soon settles to the bottom. The bottom plates arc 
hopper shaped, so that when the outlet valves are opened the mud is 
washed clear away. When the wool reaches the delivery end of the 
bowl it is brought on to the lifter and delivered to the press rollers. 

in the trade for dealing with the longer, stronger, thiclcer-fibcrcd wool? of the non-felting 

The* action of the swing rake docs not comnjend itself to dealing with the ahorter, 
finer varieties of felting wools of the merino type, owing to the “piling’* action which takes 
place when the wool is raked forward. This tends to make fine wool become matted and 
stringy whilst under the action of a hot scouring solution. (See Text Mfr., igat, p. 44.) 
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The squeezing press is of strong construction and very heavy, the bottom 
roller being either of cast iron or steel, and the top roll either of iron 
wrapped with rope or cloth, or of compressed cloth. In the second 
and following bowls in place of the rotary immerser there is 
fitted a rake immerser hanging in the liquor, and balanced so as to 
allow the forks of the first rake to draw the wool beneath it, 



Fig. qg.—Fced End of Bowl with Dticker and Pump (James Hunter). 


and so become immersed in the liquor. When the wool being scoured 
contains much grease and dirt, it is desirable to have the first 
bowl fitted with a side settling tank into which the water expressed 
from the wool by the squeezing rollers is led. The water at 
this point is heavily charged with dirt which settles in the settling 
tank instead of returning to the main tank. The^ settling tank 
also does good service in preventing the scum which rises to the top 
of the liquor from returning to the bowl. It is advisable to have 


100 


BLEACHING 


three or four bowls in series, as 
temperatures and strengths of the 
ing liquors for the three bowls ? 



trough in the machine. The 
eccentric and in such a manr 


then it is possible to vary both the 
scouring baths. Satisfactory scour- 
ire as follows: ist, six gallons of 
potash soap with a small quantity 
of potassium carbonate (pearl ash) ; 
2nd, half this amount; 3rd, pure 
warm water. The temperatures 
should be approximately: ist bowl, 
120° F. ; 2nd bowl, 100° F. ; 3rd 
bowl, 90" F. It is bad policy to run 
the wool from a warm scour into 
cold water, as this quick change of 
temperature has a tendency to set 
any grease or sediment which may 
be on the surface of the fiber. 

Another type of wool -scon ring 
machine is shown in figure 50, 
the fork arrangement for conveying 
the wool through the soap liquor 
being different in its construction. 
In this machine the wool passes in 
a very ({uiet and gentle manner 
through the bath. I'lie wool is fed 
into the machine on a lattice which 
carries it forward to the bowl. 
This is divided into several com- 
partments, each provided with a 
conical bottom chamber covered 
with a perforated false bottom. 
The dirt and sand resulting from 
the scouring pass through the per- 
forated plates into the lower troughs 
from which they are readily drained 
away through suitable valves. The 
forks are all fixed to one complete 
framework, and all act together, 
moving forward .slowly and then 
backward quickly. The slow gentle 
action of the forks is very good for 
fine short wools, as the motion docs 
not agitate the li(|uor, and hence 
prevents undue felting of the fibers. 
The suds s(jucczed out at the 
squeeze rollers at the delivery end 
of the machine are collected in a 
lank and return to the last settling 
framework and forks are worked by an 
er that the forks are carried slowly for- 
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ward in the liquor, then lifted clear of the solution ; the forks next move 
backward quickly and then are lowered again into the liquor. The 
framework is balanced by three sets of weights and levers which assist 
in making the swinging action of the works as gentle as possible. Sim- 
ilar machines are shown in figures 41 and 47. 

An English type of wool-scouring machine (McNaught) is shown 
in the diagram of figure 53. In operation the wool is fed into the 
machine by the feed lattice and as it drops into the washing liquor 
contained hi the upper bowl, it is immersed by the immerscr. The 
immerser is a necessity, otherwise some of the wool would float on the 
surface of the liquor and pass from the machine without having been 
thoroughly saturated.^ Consequently, at the feed end of each machine 
an immerser, which is in the form of a brass or copper box with a 
])crforated plate at the bottom, is fastened to the framework of the 
forks, and moves with them. Since the bottom plate of the immerser 
is perforated, as it descends into the liquor the latler rushes into the 



box and thus prevents any considerable displacement, which has the 
effect of keeping the liquor as still as possible. When the immerscr is 
raised, the liquor rushes out through the perforations on to the wool, 
and by so doing assists scouring. The wool after being immersed 
in the liquor is carried forward by the forks, which are given a slow 
forward movement when in the liquor. The material by the action of 
the forks is moved slowly forward through the machine until it is 
moved into the nip of a pair of strong and heavy squeeze rollers, which 
squeeze out a very large percentage of the liquor, after which the wool 
is carried by a lattice from the machine. 

Referring to the arrangement of the bowls and settling tanks, the 
bowl in which washing actually takes place is 18 to 24 in. wide and 
8 to 9 in. deep, and is connected with the larger bowl in which it 
is placed by perforated plates that form the bottom. The liquor in 
the larger bowl is comparatively still, and consequently any heavy 
sediment can pass through the perforations and settle to the bot- 
tom. The bottoms of both the large bowl and settling tank are made 
sloping so that the sediment will slide down into a channel from which 
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it can be flushed out as desired through suitable openings. Formerly, 
the excess dirty liquor which was squeezed out by the squeeze rollers 
was allowed to run back through the material into the washing bowl, 
and as this is the dirtiest water, since squeezing removes large quan- 
tities of dirt, such a method was very objectionable. In this ma- 
chine, as in all modern machines, the liquor from the squeeze rollers 
passes through the faller and side plates which arc perforated, into 
a trough. From the trough it rims into the settling tank, in which the 
heavy dirt settles to the bottom and the scum rises to the top. To 
facilitate the settling, one or two perforated baffle plates are placed 
across the tank to break up currents which form due to the 
flow of liquor. The Ikjuor in the settling tank is pumped h.ack into 
the washing bowl from the opposite end to that at which it enters, 



Fie. 53.— Petrie or McNaiight Scouring Machine. 


and is irsually heated before it is sprayed on the wool which 
is entering the bowl. The liquor in the settling tank is cleanest at 
about the middle of its depth, and it is from this point that it is pumpe . 
At least one vertical waste pipe is provided, by means of which the 
liquor is kept at a proper level, and by adding an excess of liquor 

the scum can be lluslicd off. ,,11 1 

In the older type of rake machines the forks brought the wool 
close up to the nip of the squeeze rollers; in fact, the forks may be sai 
practically to have lifted the wool into the nip of the rollers. In the 
best machines, the forks in moving forward deliver the wool to the 
ridge formed by the bottom of the bowl at the end nearest the squeeze 
rollers and the perforated plates or grid which slopes down to the nip 
of the squeeze rollers. As there is liquor passed into the top bowl at 
the feed end, there is an overflow at the delivery end as the bowls 
are set slightly lower at that end. This overflow, which also rids 
the water in the washing bowl of most of the ^cupi, m conjunc ion 
with the movement of the forks causes the wool to be delivered to 
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the squeeze rollers, and as the wool slides down the slope a quantity 
of liquor passes from it through the perforated plates or grid. 

The fork motion consists of a series of cross-bars which are about 
10 in. apart, and which are conncclcd by two light tubular bars that 



Fic. 5.|— Oval Typo of Wool Scounni; Maohiiio. 


extend tlie length of the bowl. To tlie cross-bar^ brass prongs are 
ixed, and those which arc recjuired to work up the incline near the 
squeeze rollers arc shorter than the others. The light tubular bars are 



Fto. 55 — Yarn Scouring Macliiiu- 


attached to connecting rods, and the opposite ends of these rods 
are in turn attached to levers. A vertical up-and-down motion is 
given to the forks through these levers by means of a cam, which 
is fixed to the cam shaft. The cam shaft receives its motion from the 
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fast pulley by means of gear wheels, which are indicated by double 
lines. The cam is always in contact with a friction bowl on the end 
of the lever, which is pivoted to the framework of the machine at 
its other extremity due to the weight of the forks and framework, 
the weight of which is almost balanced by the balance weights. To 
that end of the lever near the friction roller, a rod is connected 
which is also connected to one of the levers. Consequently, as the 
cam revolves an oscillating motion is given to the lever. To the top 
arm of this lever is attached a connecting rod, which conveys mo- 
tion to the other end of the machine so that both ends of the fork 
framework are moved at the same time and in an exactly similar 
manner. A horizontal motion is being given to the forks at the same 
time as the vertical motion by means of the connecting rod, one end 
of which is suitably attached to the framework of the forks, while 
the other end is pivoted to the slotted lever, which swings on a stud 
that is fixed to the framework. Motion is given to the lever and 
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connecting rod by a crank fixed on the end of the cam shaft, and 
which carries an antifriction roller that engages with a suitable slot, 
consequently, as the crank revolves, the friction roller causes the lever 
to swing backwards and forwards on its centre, and to communicate 
a horizontal backward-and-forward motion to the fork framework. 
The combined effect of the cam and crank is to lower the fork frame- 
work into the bowl and move it forward a distance of about 8 in. 
towards the press rollers, then raise it out of the water and move 
it quickly back to the starting point. Owing to the variation in the 
leverage of the crank when acting upon the slotted lever, the forward 
stroke is very slow, while the backward stroke when the forks are 

above the water is very quick. ^ r i- j 1 4 

The bottom squeeze roller, which is usually of solid steel coveied 
with brass, is positively driven by means of^ gear wheels. A belt 
from the line shaft drives the pulley, which gives motion to the gear 
wheel fixed on the end of the squeeze roller. The top roller, which 
is covered with roller lapping to obtain a resilient surface, is, when 
covered, nearly the same diameter as the bottom roller. It is 
normally driven by frictional contact with the lower one, being pressed 
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down and kept in contact with the bottom roller by means of weights 
and cornpoimd levers acting through springs, so that a very powerful 
but springy grip is obtained. The arrangement is as follows: The 
lever, which is fulcrumed at the back, exerts pressure on one end of 



the top squeeze roller through the rod, which carries the re{iuircd 
number of weights and exerts a downward pressure on the lever. 
The latter has connected to it near its fulcrum a connection rod, 
which by means of a spring at the top transmits to the top roller the 
total pressure exerted. 



Fig. 58.— Revolving Type Yarn Scourer (Klauder-Weldon). 


There is a tendency when a fairly large lump of wool arrives 
at the nip of the squeeze rollers for the top roller to be stopped, since 
it is normally driven by friction, and for the wool to be ground be- 
tween the stationary and the revolving roller. A special motion termed 
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a catch-box or escapement motion is introduced, by means of which 
the top roller is positively driven from the bottom roller, when' the 
former ceases to revolve, by frietional contact alone. The motion con- 
sists of a clutch which is placed on the projecting shaft of the top 
roller, the outside half of which is loose on the shaft, and has com- 
pounded with it a gear-wheel which is driven by a gear-wheel on 
the shaft of the bottom roller. The number of teeth in the 
driven wheel being 20, and the number of teeth in the driver 18, thus 
the top roller when rotated from the bottom is rotated at a slower 
speed. Further, the bottom roller also has a slightly larger diameter 
than the top onej therefore the latter has a correspondingly greater 
speed when driven by friction. The inner half of the clutch is keyed 



Fig. 59.- Apron Type Yarn Scourer (Klauder-Wcldon). 

firmly to the shaft of the roller, and the teeth of the clutch are so 
arranged that when the roller is working normally the fixed half of the 
clutch is being driven at a greater speed than the loose half, and gains 
tooth by tooth on the driven and loose half. As it is mounting the 
points of the teeth on the loose half the latter is pushed against the 
power of a strong spring a sufficient distance along the shaft. When 
a lump of wool stops the rotation of the top roller, the loose half gears 
with and drives the fast half, and hence drives the top roller until 
the lump has passed through and the roller is being again driven by 
friction. 

An arrangement is also provided for easing the pressure on the 
top roller when the machine is standing. It consists of a short shaft 
which extends across the width of the machine and which carries a 
handle at one end. Two worms are cut on this shaft, which engage 
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with two worm wheels that are suitably fixed to short shafts, one of 
which, for one side lof the machine, is shown. A similar arrange- 
ment is fixed on the other side of the machine, since the weight- 
ing arrangement is duplicated for the other end of the squeeze rollers. 
To each of these shafts is attached a chain, one end of which is con- 
nected to the levers, so that by turning the handle in the proper direc- 
tion the chains are wound on their respective shafts and the pressure 
removed from the roller ends. 

Another form of rake machine is the so-called chain harrow 
scourer.® The fork action in this is quite ditTercnt, for while in all 
other types the forks or harrows propel the wool forward, in the chain 



Fig. 6o.— Apron Scourer Showing Inside Mechanism. 

system the forks hold or retard the wool, the propelling agent being 
the flow of sud from the pipes and pump, so arranged that the flow 
of sud travels at a quicker rate than the surface speed of the har- 
row, assisted by the slightly slanting position of the top bowl. This 
allows the scour or sud to pass into contact with every portion of the 
wool whilst it is retarded by the forks of the harrow. 

According to the theory of wool scouring, this should greatly re- 
duce the tendency to felt, as the wool is gently floated towards the 
delivery rollers, and docs not come into contact with any disturbing 
influence. Thus the staple formation of the wool and straightness 
will not be disarranged to a large extent. This is a good feature, as 
the less the staple is disturbed, the less time, expense, and machinery 
are required to rearrange the fibers in the succeeding operations, 

* Text. Mfr., 1921. p. 67. 
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As the greasy wool leaves the feed lattice, figure 51, it comes under 
the action of the shower of sud from the pump. The pipe passes the 
Slid from the lower bowl and allows it to be discharged on to the wool 
in a manner to carry the wool forward. To check the too rapirl motion 
of the wool the chain harrow forks intervene, and by traveling at a 
slower speed than the flow of the vSud they retard the wool and allow 
the sud to pass through it. The chain harrow comprises the sprocket 
wheels which support and control the chain to which arc attached the 
prongs. To prevent the sud overflowing the top tanks, overflow pipes 
are provided, and are regulated by the handwheel, which is set accord- 
ing to the quantity of sud passing into the lop tank. During the pas- 



I'lc, 6t — Iron Bowl Scouring Machine for Linked .Skeins (Lroctor & Schwartz). 


.sage of the wool from the feed to the delivery end of the tank, any 
heavy iniimrities which fall pass direct to small settling tanks which 
are separated from the scouring portion by means of perforated brass 
plates. As the wool reaches the press rollers it passes over the incline 
which prevents the dirty scour passing hack to the scouring tank and 
allows it to go direct into the bottom tank for settling. The pressure 
on the rollers is controlled by weights operating through the weight 
rod bottom lever and the spring rod. The pressure may be regulated 
by means of the handle. 

Another type of wool-scouring machine has been designer! for 
the purpose of giving a minimum amount of agitation to the wool, 
the liquors themselves being circulated through the machine. One 
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form of machine is so made that the wool is packed in large cages 
in pairs so arranged on a pulley that they mutually balance each other. 
While one cage is immersed in the scouring-bath the other cage is 
out of the liquor, which drains down through the wool back into the 
bath. This operation is kept up continuously until the wool is thor- 
oughly scoured, when the cages move on to tlie washing-bath, in which 
they are manipulated in the same manner. 

2. Machinery for Scouring Yarn. 

In former years yarn scouring was conducted altogether by hand, 
the hanks of yarn being hung on sticks and suspended in the scour- 
ing bath, and being turned fn^in time to time until thoroughly cleansed. 
A great deal of yarn scouring is still done in this manner, especially 



Fig. 62.— Opon Width Scouring Machine for Cloth. 


in small establishments and where coarse yarns are dealt with. The 
general tendency, however, is now to conduct the scouring of yarn 
by means of special machinery, as the output is greatly increased, the 
yarn is scoured with more uniformity, and there is less danger of 
felting, and consequently the stock is kept in a better condition. 

One very serviceable type of machine for yarn scouring consists 
of three long tanks or “bowls," the first of which contains a dirty 
scouring bath, the second a clean scour, and the third simply warm 
water to serve for washing off. The hanks of yarn are given a few 
twists so as to prevent them from becoming tangled, and are fed into 
the first tank by a traveling apron. They are carried through the 
liquor several times forward and backward by means of endless 
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bands of cross-slats. They are finally passed through squeeze rolls 
into the second tank which they traverse several times in the same 
manner as before, and so on through the last or washing tank. When 
delivered from the last tank they should be clean and free from soapy 
liquor. The hanks are then hydro-extracted and arc ready for dyeing, 
bleaching, etc. 

Yarn may also be scoured very satisfactorily on such machines as 
the Klauder-Weldon dyeing machine. In this case the yarn is 
stretched on the rods of the machine and is maintained in a state of 



slight tension during the scouring, which tension may be regulated to 
any desired amount. In this manner any undesirable curl is re- 
moved from the yarn, and if the dyeing operation is to follow im- 
mediately after the scouring, the yarn need not be taken from the 
machine, but may be washed and dyed thereon through continuous 
processes. Such a machine is especially suitalilc for fine single worsted 
yarns which are liable to felt, as the yarn is always in the stretched 
condition and rotates with the machine through the bath without any 
opportunity to felt. The scouring bath may be pumped to a reservoir 
tank, and the yarn is then washed in warm water. Ihis method affects 
great economy of handling and also of time. 




until the yarn is thoroughly cleansed, after whic'h it is washed ofif in 
the same manner by passing through warm water. This method of 
operation has its drawbacks; in the first place, there will always be 
slight unevenness of scouring at the points where the hanks are tied 
together, by reason of the tic-bands choking on the yarn and prevent- 
ing good contact with the soap liquor; this will be true also in the 
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washing. Again, as there is a good deal of mechanical friction on 
the yarn, there will be great liability to felling, and for certain grades 
of yarn the process would be totally unsuitable. 

3. Machinery for Scouring Cloth. 

Cloth is scoured altogether by machinery. The simplest form is a 
wooden tank or bowl across which is placed a revolving winch; the 
cloth being carried throiu^h the scouring bath and around the winch 
until properly scoured, after which it is washed oflf in the same man- 
ner. This character of machine, however, is suitable only for very 
light weight and easily penetrated materials. For heavier goods it 
is necessary to have a machine provided with squeeze rolls and scrub- 
bers in order to effect a thorough cleansing of the cloth. These cloth 
scouring and washing machines are usually called “dollies.’' 
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By-products in Wool Scouring, 

I. By-products Obtained in Wool Scouring. 

The usual method of wool scouring by means of soap solutions 
as generally practised is very wasteful. If reference be made to the 
amount and character of the impurities removed from the wool dur- 
ing the operation of scouring, it will at once be evident that by-prod- 
ucts of great value could be recovered from the scouring liquors. 
Large quantities of soap, alkalies and fats, together with the numerous 
potash salts, are allowed to run to utter waste. At times the fleece 
is washed on the sheep’s back in streams of running water; this treat- 
ment will, of course, remove nearly all of the soluble potash com- 
pounds, and also some of the fatty matters which may be emulsified 
by the water. Except in so far as these materials may fertilize lands 
watered by the stream, they are completely wasted in an economic 
sense. In the same manner little or no use is made of the waste 
scouring liquors in the vast majority of our mills. But the fact is 
becoming more and more apparent to the progressive manufacturer, 
that either the system of wool scouring must be changed over to the 
solvent process or that a method of working up these by-products in 
an economic manner must be devjsed.^ 

* The treatment of waste liquors from wool scouring is a matter which has attained con- 
siderable importance at the present time, owing to the necessity of preventing stream pollu- 
tion, The waste scouring liquors are particularly otTensive in this respect as they contain 
a large amount of sticky fatty matters together with considerable organic matter which 
undergoes decomposition and soon becomes very foul. The fatty matters include both 
the grease from the wool and the fatty acids of the soap. In America where the suint is 
removed at the same time as the grease, the waste liquors will .also contain the potash salts 
of the wool, and if these were in a suitable form they would be valuable fertilizer. Unfor- 
tunately the presence of the grease docs not allow of the direct use of the waste liquors for 
this purpose. 

In the treatment of waste scouring liquors the main purpose is to remove the greasy mat- 
ters, and then to so purify and filter the solution as to render it innocunus when run into 
rivers or streams. There are two general processes of treatment in vogue: (a) the acid 
process, and (b) the lime process. • 

In the acid process the waste liquor is mixed with the required amount of dilute sulfuric 
acid. This may be waste acid liquor from carbonizing or from dyeing; or a solution of nitre 
cake (sodium bisulfatc) may be used. Sufficient acid is added to cause complete precipitation 
of the fatty acids of the soap. The liquor is then filter pressed and the clear filtrate run 
to waste The grease left as filter cake may be purified and used for making low-grade soap. 

In the lime process the waste liquor is mixed with milk of lime, which causes the pre- 
cipitation of the fatty matters as an insoluble lime soap. The lime process also brings 
down the emulsified wool grease more completely than the acid process, though this is best 
done in cither case by the use of a suitable coagulant such as alum. The lime soap may 
be filtered oft and treated with hydrochloric acid, if desirable, for the recovery of the fats. Or 
the filter press cake may be mixed with coal and used for fuel. 

The cost of purification of waste scouring liquors is usually a good deal more than can 
be gotten back from the sale of the recovered fats. This is due to the large volume of liquors 
which have to be handled, settled and filtered. There is seldom more than o.i to 0.2 percent of 
fat in the waste liquor, and there arc so many other impurities that the crude fat is very low 
grade in quality and needs considerable purification to make it commercially useful. 
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The following table gives the analyses of several liquors from 
wool scouring (in grains per gallon) ; 


Total solids 

Grease 

Alkalinity as sodium carbonate, 


I 

2 

3 

4 

1380 

7 S 8 

1246 

68s 

635 

518 

653 

476 

132 

113 

214 

loa 


2. By-products from Steeping Liquors. 

In places where a steeping operation previous to the soap scour- 
ing is carried out, the potash salts from the steeping liquors may be 
worked up ; but usually the cost of evaporating such large quantities 



Fig. 65. — Large Size Squeezer for Skein Yarns (German Type). 


of water is loo great. In order to reduce the cost of .subsequent evapo 
ration to a minimum, the steejiing with hot water should be cumula- 
tive; that is, the water should be pumped through a series of tanks m 
such a manner that the dirtiest water meets the dirtiest wool, and 
the wool as it leaves should last come in contact with fresh clean 
water. Ry causing the water to circulate through the imtenal again 
and again and to extract fresh quantities of wool, a rather saturated 
solution of suint can be obtained. This solution containing a la |e 
proportion of potash salts, together with a certain 
fied grease, forms an excellent fertilizer, and can be use J • 

this purpose if so convenient. If, however, it is desire o r , 

potash salts themselves, the saturated sleeping ^V'ors are evapora^ 
to dryness. This is done most economically by u_ rarVinnite it 
heat from the furnaces and boilers. Should ’‘d 

self be desired, it will be further necess.yy to ca'one the eva^ ated 
residue in suitable furnaces. As the dried sum c g 
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proportion of organic matter, a considerable quantity of gas will be 
formed if the calcination is conducted in retorts. This gas may be 
utilized for illuminating or for fuel purposes. The calcined residue 
will consist for the most part of potassium carbonate, together with 
small amounts of the chloride and the sulfate of potash. Ihis sys- 
tem has been practised successfully in Belgium and it has been found 
that 1,000 pounds of raw wool will yield about lOO pounds (or lo 



Fig. 66. — Centrifugal Extractor, Overhead Belt Briven (Tolhurst). 


percent) of potash salts ; 8o to 90 pounds of this being the carbonate. 
The yield, however, will depend very largely on the nature of the 
wool and the method of washing; and the average yield will not, per- 
haps, be more than five percent on the weight of the raw wool. The 
potash thus obtained is, of course, in a very crude condition, being 
mixed with dirt, etc., present in the wool. It may be purified by 
lixiviation with water and subsequent evaporation, such as practised 
in the alkali industry. It is doubtful, however, if the purification of 
this salt could be effected in a paying manner. The crude product 
obtained by evaporation of the steeping waters also contains a con- 
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siderable amount of nitrogenous matters, and it may be utilized for 
the preparation of potassium ferrocyanide by fusing with scrap iron, 
and extracting the resulting mass with water, and finally obtaining the 
ferrocyanide or yellow prussiate of potash by crystallization.^ 

There have been several forms of steeping tanks devised for the 
purpose of saving the steeping waters from wool in order to recover 
the potash salts. The following arrangement has been designed by 
Fisher, and is in use to some extent on the continent of Europe where 
the steeping process is carried on. In figure 74 are represented four 
large iron tanks of a cylindrical shape, suspended between two large 



Fig, 67. — Centrifugal with Under Drive (Tolhurst). 

wheels and capable of being revolved around a common axis at E. 
Each tank can thus be raised to a higher level for the purpose of 
draining the wool it contains and running the liquor into the next tank. 
The tanks are each filled with wool, and the first one is then filled up 
with tepid water and the wool allowed to steep for several hours. The 
liquor is then run into the second tank where it is kept warm and al- 
lowed to remain for several hours again. In like manner the liquor is 
run to the third and fourth tanks until it finally becomes saturated with 
extracted matter, when it is ready for evaporation and calcination in 
order to be converted in potassium carbonate. When the liquor is 

• It is said that certain French combing establishments produce annually about two and 
one-quarter millions of pounds of potash obtained from wool scouring liquors, and this is sold 
at prices ranging from $6.75 to $9.25 per 220 pounds. 
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run from the first tank, it is again filled up with fresh tepid water, 
and this charge also passes through the series in the same manner as 
before. These operations are repeated until all of the soluble mat- 
ters arc dissolved from the wool. The tanks are then emptied and 
filled with fresh lots of raw wool. In the proper working of the proc- 
ess after it has once been put in operation, the greasy wool is first 



Fig. 68. — Centrifugal Fxtractor with Electric Drive (Schaiini ^ Lhliiigcr). 


washed with water already fairly well saturated with extracted salts, 
and then next with weaker solutions, until at last the nearly ex- 
tracted wool is washed with pure water. To an American this 
process of extraction would hardly appeal as being at all practical, as 
the time required for the process would be far too long, but where 
work can be run along continuously and labor is not especially dear, 
such a process might be made profitable.^ Havrez gives the following 


•According to Chandelon, r,ooo kilos, of raw wool will furnish about 313 liters of steep- 
ing solution of 1.25 sp, gr., having a value of about $3 75, whereas the cost of extraction 
will not exceed 60 cents. From a report of the Dairy Works, in Ayrshire, where the waste 
scouring liquors are worked, it appears that from the suds produced in the scouring of wool, 
6,000 to 7,000 gallons produced about 700 pounds of grease, valued at about $30.00 per ton. 
The same amount of suds yield weekly about 1,000 pounds of potash, valued at about 
$82.00 per ton, and about 200 pounds per week of the combined sulfate and chloride of 
potassium, valued at about $3S oo per ton. 
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table sliowing the amount of dry matter in steeping solutions at dif- 
ferent degrees of concentration : 


of solution 

Degrees T\v. 

Salts per 1 

1.377 

75.4 

760 

1.215 

430 

376 

r.T02 

20.4 

f75 

1.048 

9.6 

72 

T.025 

50 

37 

I 012 

2.4 

17 

i.no6 

1.2 

8 



Fjg. 69.— Hercules Type Ceiilrifugal Extractor (Gillespie). 

The method employed at these works for the recovery of th 
grease and potasli from the wash waters is as follows: The suds froi 
the first scouring howl, containing about nine-tenths of the grease an 
potash, after standing about twelve hours to insure deposition of th 
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sand and dirt, are evaporated in a pan until the liquid attains a syrupy 
consistency. The resultant liquid is then cooled in shallow iron trays, 
and the grease which collects on top is removed at intervals. The semi- 
liquid residue is then calcined in a brick oven, and the heat produced 
from its combustion is utilized to assist in the evaporation. A crude 
potassium carbonate is thus produced, which after complete carbona- 
tion is boiled with water to dissolve out the potash salts. 1 he solution 
is then concentrated to ioo° Tw., when the potassium sulfate and 
chloride crystallize out on cooling.* 

In a type of machine in use at the works of Emile Richard-Lagerie, 
of Roubaix, France, the wool is treated successively to the action 
of liquors of diminishing strength, the last being clear water. After 
passing through the wool the liquors are pumped into tanks for re- 
distribution until they reach a density of 1.07, when they arc evapo- 
rated and the residue calcined for the manufacture of potassium car- 
bonate. 

3. By-products Obtained from Scouring Liquors. 

In the waste scouring liquors the chief materials present are fatty 
matters and soap. These liquors have, perhaps, received more at- 
tention as materials for the recovery of by-products than the steeping 
liquors, chiefly for the reason that in most localities the steeping opera- 
tion is omitted, and secondly, because of the pollution to streams caused 
by the influx of such scouring liquors.® 

The following table, which is taken from the results of actual ex- 
perience, shows the analysis of several samples of scouring liquors 
from raw wool : 



I. 

2. 

3. 

4. 

Water 

90.38 

97.10 

96.50 

97.80 

Mineral matter 

0.15 

I 05 

1.30 

0.60 

Oil or grease 

0 27 

1.20 

1-52 

1.36 

Other organic matter ... 

Pounds of sulfuric acid required to neu- 

0.20 

0.65 

0.68 

0.24 

tralize 1000 gals 

7 

14 

44 

22 

Pounds of recovered fat per 1000 gah 

27 

120 

152 

136 


There arc several methods in use for the trealincnt of such scour- 
ing liquors, chiefly with a view to the recovery of the soap and wool-fat. 
It must be borne in mind that these liquors contain all of the soap 
originally employed in scouring, the fatty matters from the wool in 


* Havrez has calculated that the money value of steeping liquors when employed for the 
manufacture of potassium fcrrocyanide is more than twiic that of their ordinary com- 
mercial value His experiments have shown that with the potassium carbonate obtained 
from TOO lilos of the ignited residue of wool yolk there is associated about 17.3 kilos, ot 
potassium cyanide, which is capable of yielding 19 kilos, of potassium ferrocyanide valued 

•'variouVmethods have been suggested for the treatment of soap liquors from wool 
scouring for the extrattum of the fatly matters, and in many cases the prwesses given are 
perhaps more interesting as curiosities than as successful commercial methods. According 
to Baudot (Fr. Pat. 413,442) the soap liquors are separated from the wool and collected in 
special tanks where they arc vigorously beaten in order to emulsify the fatty matters. The 
same pump which beats the liquor also delivers it to a separating tank from which the 
fatty matters whuh then float on the surface of the liouid, are removed, while the liquor passes 
into an electrolysing apparatus where it is regenerated for further use («c). 
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the form of an emulsion, the potash salts of the siiint, and the hetero- 
geneous dirt which is always present in the fleece.® 

A process which finds favor to some extent in certain establish- 
ments is to precipitate the soap and fatty matters by either the addi- 
tion of milk of lime or calcium chloride. The magma of lime soap 



Fk;. 70.— Open Width Vacuum Extractor for Cloth (German Type). 


and greas'.' so obtained may be decomposed by hydrochloric acid, and 
the liberated fatty acids and grease collected, purified, and utilized for 
the manufacture of soaps uiKler the name of “recovered grease.” Or 
the lime magma may be directly mixed with coal and calcined for the 
purpose of producing illuminating gas. It is said that about one-third 
of the cost of the soap used in scouring may be recovered in the value 
of the gas so produced. 

• The waste liquor pom washing most wools is rich in fat abstracted from the wool and 
soap. It IS not sufficiently^ profitable in many cases to make it worth while treating the 
waste liquor; but it is forbidden by many corporations to turn untreated waste liquor into 
streams, rivers, or sewers. In the oldest and still the largest-used method, which is known 
as the Magma process, the waste liquor from the scouring machines is lun into a sufficiently 
mu®* tank, and sulfuric acid is added until all the .alkali which is present is neutralized 
1 he whole is then well stirred, so that all the acid is utilized, since if the acid is added and no 
stirring is done, it simply sinks to the bottom and very little is utilized. It is a good plan 
to add the acid in very small quantities at the time the Iniuoi is being run into the tank, 
so that as nearly as possible all the grease will be sepaiated, and no acid will be left in a 
tree state. If acid is piescnt in a free state it renders tlie efllucnt acid, and tends to 
carbonize the grease, in addition to its being wasted. The liquor is now left to settle, 
and the liberated grease rises to the top, the heavy dirt falling to the bottom, leaving the 
acid water in the center. The acid water is piped out and nin through a layer of lime into 
the sewer, while the grrase is pumped out into another lank winch acts as a drainer or 
niter, the bottom of which is laid with sawdu.st, ashes, or any other cheap filtering medium. 
Ihe remaining water drains away and the grease solidifies, and is then cut into blocks which 
are wrapped in coarse packing cloth. These are then placed in layers between plates inside 
a steam-heated ovenpress which is worked by hydraulic power. As a result of pressing, 
^ dark-brown oil and water runs out of a pipe at the bottom of the press into a 

tank, where the oil and water separate themselves. The oil is pumped from this tank into a 
purifying tank, where the grosser impurities are taken out. The oil in its most impure form is 
termed black oil, and when slightly purified it is termed brown oil. Both kinds of oil are 
used in the shoddy and mungo trade for oiling these materials. The residue after the press- 
ing IS used largely for manure. 
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Lewkowitsch has made the following observations on recovered 
grease or Yorkshire grease, obtained from the soap suds used in wool 
scouring. He classified the constituents of the recovered fat under 
three heads: (a) Free fatty acids resulting from the decomposition 
of the waste soap, with mineral acid, and partly owing to the existence 
as a free fatty acid of the wool-fat. {b) Neutral (that is, saponifiable), 
fats; consisting of the real saponifiable constituents of the wool-fat, 
and the esters, etc., of the fatty acids of the fat. (c) Unsaponifiable 
matter which may consist of the free alcohols which are character- 



istic of wool-fat, together with hydrocarbons which were present in 
the oil employed for greasing the wool. The molecular weight of tlic 
free fatty acids was determined by titration with semi-normal caustic 
soda solution, and was found to he 345. This was rather a high figure, 
but further investigation showed the fatty acids to consist of two series, 
the one giving a molecular weight of 326 and the other of 520. These 
fatty acids formed two different soaps, whicli resulted in the precipi- 
tated fatty acids consisting of 9 parts of the first series and i part 
of the second series. The neutral fats of the recovered grease, which 
are the chief constituents of wool-fat, contain cholesterol and iso- 
cholesterol alcohols, as well as other iinidcntificd alcohols. The com- 
plete analysis of the recovered grease was as follows: — 
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Volatile acids 

Insoluble free fatty acids 
Combined fatty acids .... 

Combined alcohols 

Unsaponifiable matter . . . 

According to Hurst/ the following method used in many mills in 
Yorkshire for the recovery of grease from the waste scouring liquors : 
The soap suds are collected in a large tank calculated to hold a day’s 
supply (from 6000 to 8000 gallons of liquor); though usually two 
tanks constructed of brickwork or concrete are pnjvided, one tank be- 
ing used to collect the suds while the treatment of the suds of the 
preceding day is carried out in the second tank. Brown oil of vitriol, 
or, preferably, hydrochloric acid, is added to the suds, and after 
thorough agitation of the mixture it is allowed to settle; the fatty mat- 
ters rise to the top and are skimmed oft, and thrown on to large cloth 
filters to drain. Ihe fat thus collected is known as “magma” or 
“sake,” “ and is sent to the grease mills while the residual liquor is 
run into the river. The magma is then put into bags and piled up in 
a tank and weii^hted, and so left over night, when a large quantity of 
water is pressed out; the e(dces of magma are then put into i filter 
jji'ess kept hot by steam, when a dark greasy product is pressed out, 
and comprises the Vorksliire grease. 'Die solid matter left in the press 
is known as “sud-cake” and is emplo'^ed as fertilizer, for which pur- 
pose it has considerable value. 

Yorkshire grease is usually of a brown color, though sometimes 
almost bla^’'; it is of a sticky consistency and has a melting point of 
about 44° e It easily undergoes saponification with soda or potash, 
but the soap so formed is not very soluble in water and is very short- 
grained. From the analysis given above it will be noticed that 
Yorksbire grease contains a considerable amount of free fatty acids 
and also a high percentage of unsaponifiable matter, the latter con- 
taining cholesterol, and being derived from the natural grease of the 
wool and also from the mineral oil which may have been used in the oil- 
ing of the wool .stock. The character of the free fatty acid will vary 
with the kind of .soap employed in scouring.® 

Yorkshire grease is generally purified by distillation by heating with 
superheated steam. The principal product which distils over is a thin 
limpid oil of a pale yellow color, which on cooling solidifies into a 
pale yellow grease, known as “first distilled grease”; this requires 
from 20 to 24 hours to distil over. The next fraction consists of 

For an excellent article relating to the preparation of Vi.ikshire grease and the products 
obtained from it, see Huist, Jour. Soc. Chem. Ind., 1889, p. 90. The author is indebted 
to this article for much of the matter in the following resume. 

* The operation of treating the suds with acids is commonly known as “saking," probably 
being a local corruption for '‘seeking.” 

* As the crude grease is sometimes employed in the manufacture of lubricating greases, 
the following factois m this connection are given: 

"C. 

. . 182 

. 220 

. . . 248 


Percent 

1.28 

20.22 

48.47 

31*32 

5.15 


Vaporising temperature . . . 

Flashing point 

Fire test 
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a greenish oil and is collected separately and called '^green oil’^ or 
‘‘crude grease’' and is usually sent back to the stills with fresh quanti- 
ties of grease, or made into light lubricating oils. The residue left in 
the stills is known as pitch.^® The first distilled grease may be sub- 



Fig. 72. — Automatic Yarn Dryer with Thermostatic Control (Phila. Dry- 
ing Mchy. Co.). 


jected to a second distillation,’ whereby there is obtained a “second 
distilled grease” and a small residue of pitch. The distilled greases “ 
are cooled slowly in order to cause the stearin they contain to separate 
in a granular form while the olein remains liquid. These two are then 


’®The following table shows the proflucts obtained by the first distillation of Yorkshire 

grease: 

Percent 

Water and loss 20.76 

Spirit oil 4.10 

First distilled grease . 45-54 

Green oil . i5-47 

Pitch 14 13 

Some kinds of grease do not give .any of the spirit oil fraction, while others yield but a 
small amount. This spirit oil is of a pah- yellow color, becoming in tunc reddish brown, it has 
an unpleasant empyreumatic odor, and is readily inflammable 

” The distilled greases are of a pale yellow color and are granular in structure. Hurst 
gives the anai)ses of two samples of these substances- 

First Distilled Second Distilled 

Percent Percent 

Water 098 r.04 

Free acid 62.12 66.56 

Unsaponifiable matter .1288 1.324 

Neutral oil, etc 23.02 19.16 



BY-PRODUCTS IN WOOL SCOURING 


125 



Fig. 73. -Yarn Truck Dryer (Proctor & Schwartz). 


separated by prcssiiic^ in canvas cloths, whereby about 6 percent of 
olein and 44 percent of stearin are obtained. 

An ai dysis of the oil obtained from the distillation of the re- 
covered grc;se gave the following: — 

„ ^ , Percent 

j^ree fatty acids 54.91 

Combined fatty acids . ... . . 7,02 

Combined alcohols . . . . . *. 4^26 

Hydrocarbons . . 34.1:4 


1 ho nl(in so obtninod is better known as “wool oil” and comes from the press as a 
pale coloiod body which gradiinlly assumes a brownish color, probably due to the presence 
of iron This product is chiefly employed for the oiling of wool stock, but is also used to 
some extent for the making of soaps and for lubricating greases Its composition varies 
considci ably ; the following analyses of typical samples are given by Hurst: 

I 2 3 . 4 - 5. 

TVnent Penent Percent Percent Percent 

Water . . . i i- 2 33 i 38 2 

Free acid . sf> 06 s6 20 53 05 50 83 64.42 

I Insaponifiable oil . 3466 29.46 16.32 38.9a 9 9S 

Neutral oils ... 920 119S 2865 .... 35.63 

This stearin is a haul itale yellow greasy solid; the jiroduct from the first distillation 
has a darker eolor. has a higher melting point and contains less fatty acids and more oil. 
Hurst gives the following analysts of this material' 

First Distilled Second Distilled 

Percent Percent 

Water 0.6 1.48 

Free acid . .. ... 88 6 76.3 

1 Jiisaponifiablc oil . .... 049 0.4 

Neutral oil .2,11 7.7 

Solidifying point . . 4S‘’C. 53 s“C. 

Melting point . 48‘'C. 57 .“^- 

1 his stearin when sajionificd with soda gne.s a soap forming an exceedingly gelatinous 
mass with water, and fiom width it is very dlflicult to extract with ether any mineral oil 
which may be prc.scnt; thus, it is po.ssible to mix with this stearin 25 percent of paraffin oil, 
and yet on saponification, no separation of mineral oil occurs. On this account, wool grease 
stearin is of much value in the preparation of siting tallows; on the other hand it is 4 
poor material for making soaps. 
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Of the large percentage of neutral fat originally present in the 
recovered grease, scarcely any remains after distillation, it being broken 
up into fatty acids, while the esters absorb oxygen during the distilla- 
tion and are converted into hydrocarbons. 

Another process is to treat the scouring liquors with sulfuric acid, 
which causes the fatty acids to separate, and together with the wool- 
fat, to rise to the surface in the form of a scum or magma. This is 
filtered, and the crude grease so obtained may be used for the manu- 
facture of soap ; but the product is of such inferior quality that this 
procedure is not recommended, and a further purification of the grease 
is desirable. The magma may be pressed between hot plates, and the 
liquid wool-grease extracted in this manner. This comes into trade 
under the name of “Yorkshire Grease,^’ and may be used as a lubri- 
cating oil, or for smearing sheep in cold weather. The magma may 
also be distilled in a current of steam, whereby stearin and olein are 
obtained in a pure condition very suitable for the purpose of making 
good qualities of soap.^^ 

As wool-grease is becoming of considerable importance as a by- 
product in the wool-scouring industry, the following note concerning 
its analysis will be of interest: Ulzer and SeideP'^ recommend the 
following process of the analysis of wool-grease: 20 gms. of potas- 
sium hydrate are dissolved in 20 cc. of water contained in a hemi- 
spherical dish of about 350 cc. capacity. The solution is heated to 
boiling, and 20 gms. of melted wool-grease arc introduced with vigor- 
ous stirring. After boiling for a minute the dish is placed on a water 
bath until saponification seems comjdcte; to make sure, however, the 
dish is placed for two hours inside the water oven. The soap is then 
dissolved in 250 c.c. of boiling water, restoring from time to time the 
water lost by evaporation, and when completely dissolved 40 c.c. of 
hydrochloric acid, slightly dilute, are added. When the fatty mass is 
perfectly melted, it is allowed to cool, then removed, and repeatedly 
boiled with water until the washings no longer show an acid reaction. 
After cooling, the fatty cake is removed, dried between blotting paper 
and finally dried in the water oven. The total aciditv number is then 
taken bv means of Benedikt and Mangold’s process. Three samples of 
Australian wool-grease gave respectively the figures 100.2, 102.9, 
101.9. Three South American samples gave 96.4, 96.7 and 96.9. To 
form an opinion of the genuineness of wool-grease, it is recommended 
taking the actual acidity number and the Reichert-Beissl number. Its 
iodine absorption may also be determined. 

At the works of Scaife Si Co., Laisterdyke, England, the following process is employed: 
The suds, after being run off from the washing bowl, arc allowed to st.ind for about half 
an hour 'n a settling tank to allow of the deposit of sand and dirt. The liquor is then 
pumped into a tank, at the bottom of which is a system of pipes through width compressed 
air is forced. About i gallon of sulfuric acid is added to each 700 gallons of suds, and then 
the liquor is "blown.” The violent aeration quickly brings the grease to the surface in the 
form of a thick foam, and a set of boards, working on an endltss c h.iin (ariies tins froth olf 
at one end of the tank. The foam contains only about 5 percent of water, and after collec- 
tion, is titated in the usual manner for the punfuation of the grease. 

At the works of Mattie & Co., Roubaix, France, the suds are beaten into a froth by 
means of a rotary agitator, which carries the fatty matters to the surface These are skimmed 
off into conduits by a mechanical scraper, and are forced by a steam injector into a wooden 
tank, where they are heated to 140** F., and trcat<d with sulfuric acid in the proportion of i 
pound to 100 gallons. The acid is then removed by washing, and the grease is filter pressed. 

'^Zcil. angew. Chetn., 1896, p. 349. 
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The following analysis by Hurst, shows the composition of sam- 
pies of good Yorksliirc grease: — 


Water 

Fatty acid 

Saponifiable oil . 
CJnsaponifiable oil 
Mineral matter . 


l1 


I. 

2. 

3. 

4 • 

Percent 

Percent 

i’ercent 

Percent 

o.q8 

1.53 

T.21 

0.94 

18.61 

24.2s 

2415 

26.43 

68 62 

58.25 

30 02 

16.86 

11.(18 

15.83 

44 44 

55 77 

o.j r 

t\i 4 

0 18 

trace. 



K 


0 
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Wool-grease may also be separated from waste scouring liquors by 
means of centrifugation. It is by this means tliat lanolin is prepared 
on a large scale. Usually for purposes of purification , the material 
first obtained is emulsified with water and centrifugated again. In 
this manner quite a pure grease is obtained.^*’ 

’“A substance known as lanorcsin, said to be a daik colored resin, has been obtained 
from the waste stonrinp: liqitois from wool It is pro<ln<id in the followiiiR manner: The 
precipitate formed on the addition of a mineral acid to the waste scouring liquors is 
.squeeved and mixed witli 3 to s limes its volume of benzine, beat( d and thoroughly agitated, 
lulling the shaking, os perci nt alioliol is added to the amount of one-tenth of the 
benzine; after standing for some time the liquid scpaiatcs into two layers, the lower 
one containing the lanorcsin This is drawn olT and tieated in a similar manner to re- 
move traces of grease, and finally the solvent is evaporated off. This product is designated 
as a gum re.sin, and is said to he insoluble in benzine, ether, clitoroform, carbon di 
.sulfide, acetone or strong alcohol, but is soluble in water and dilute alcohol. (Feuerlin, 
tng. Pat. 18,642 of 1889.) 



Chapter VIII. 

Bleaching of Wool. 

I. General Remarks on Wool Bleaching. 

Wool is usually bleached by the use of sulfurous acid. This com- 
pound may be used in a variety of forms; (a) in the gaseous state as 
sulfur dioxide, SO2; (b) as a solution of sulfur dioxide in water, and 
(c) as a solution of sodium bisulfite, NaHSOg. The former process 
is the older method, and is still the one mostly in use. 

This method of bleaching wool is essentially a proces of reduction; 
for whichever one of the three methods above given is employed, the 
reduction consists ultimately of the reduction of the coloring matter 
by means of sulfurous acid, SO2, as follows: 

H2O.SO2 + O = SO3.H2O or TT2SO, 

That is, the sulfurous acid is converted into sulfuric acid by combining 
with oxygen at the expense of the coloring matter. If the gaseous 
sulfur dioxide, SO2, is employed, it is used in the j)resence of mois- 
ture, hence we have really sulfurous acid, As sodium bisulfite 

in solution may be considered as a mixture of sodium sulfite and sul- 
furous acid: 

2NaHS03 = Na.SO.. + H2SO3, 

we have practically the same condition to consider ; and even the sodium 
sulfite becomes reactive in the same manner when treated with an 
acid, as is the case in this method of bleaching: 

Na2S03 + H2SO, = Na2SO, + H2SO3. 

So that it may be seen that in all phases of the so-called ‘‘sulfur” bleach 
the active bleaching agent is .sulfurous acid, the chemical reaction is a 
reduction process, and the final product of the reaction is sulfuric acid 
on the one hand and the decolorized organic body or “leuco” compound 
derived from the coloring matter operated upon, on the other hand. 

Even under the best conditions of bleaching by the reduction proc- 
ess, it does not seem to be possible to obtain absolutely white wool ; the 
fiber always appears to retain a slight yellow cast which can only be 
completely neutralized by means of tinting with a minute quantity 
of a violet coloring matter. This inability to obtain a perfectly white 
bleach is probably due to the fact that the compounds produced by the 
decomposition of pigment matter are in themselves not without a color. 
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It is not likely that such products resulting from the decomposition 
of the pigment arc removed to any degree from the fiber.^ 

2. The Gas Method of Bleaching. 

Bleaching by means of sulfur dioxide gas must be conducted in 
specially constructed chambers, usually built of stone, brick, or wood, 
and provided with suitable conduits for the entrance and exit of the 
gas. The gas itself may be obtained either by burning sulfur or by 
the ignition of iron pyrites. The latter compound is a naturally oc- 
curring sulfide of iron which on being burnt in suitable furnaces gives 
off sulfur dioxide and leaves as a residue oxide of iron.^ At the 
present time sulfur dioxide gas is also to be obtained commercially 
condensed to a liquid form in strong steel cylinders, and this is a very 
convenient method of handling the article. In some forms of bleach- 
ing chambers, the sulfur is burnt directly in the room, a sufficient 
current of air being introduced to carry on the combustion. Usually 
the sulfur is contained in one corner of the room in a stone or earth- 
enware receptacle or stove, and from this fact the operation of bleach- 
ing wool with sulfur dioxide has received the common name of slaving. 
When iron pyrites is used as the source of the sulfur dioxide, the 
mineral, in the form of small lumps, must be burnt in a specially 
constructed furnace outside of the bleaching chamber, and the fumes 
are led first through a dust box, and then into the chamber contain- 
ing the wool. Where condensed sulfur dioxide in cylinders is used, 
of course, there is no need of a stove or furnace, and the current of 
the gas is introduced directly into the bleaching room from the valve 
of the cyi adcr. The presence of metals in the bleaching room should 
be avoided as the acid vapors formed therein will rapidly attack 
metallic surfaces, and the products consisting of metallic sulfate 
dropping on the wool will cause stains and spots.^ The roof and walls 
of the room should also be constructed in such a manner that the 

* An ingenious method for the bleaching of wool has been suggested by Hofmann 
(Chem. Zex-t., vol. 40, p. 1224). He proposes to “dye” the wool white by the deposition of 
a white pigment in the fiber. One method consists ii. steeping the wool in a bath con- 
taining soda ash, and then adding magnesium sulfate and warming; the result is to deposit 
a white precipitate of magnesium carbonate in the fiber. Better results, however, are said 
to be obtained by immersing the wool in a solution of cotton in ammoniacal copper oxide, 
and subsequently washing with water or a dilute aud, which causes the precipitation of 
cellulose upon the fiber. The material is finally treated with ether to render the film of 
cellulose opaque and white. Hofmann does not describe the purpose for which his bleached 
wool is to be used; it certainly could not be employed for any general textile purposes after 
having passed through such a ludicrous treatment as i elated This process has been selected 
as a sample of the many absurd and totally impracticable ones which are constantly being pro- 
posed by so-called chemists who seem to be totally ignorant of conditions to be met 
with in practice. In the field of textile chemistry, these absurd ideas are especially rampant, 
and many chemists (who may be very well in their own theoretical lines) seem to take 
it upon themselves to propose all manner of illogical innovations in a subject concerning 
the technique of which they are absolutely ignorant. 

* In the burning of iron pyrites the following chemical reaction takes place: 

2 FeSa + lit) = ^ Fe.Oa + 4 SO., 

iron pyrites oxygen iron oxide sulfur dioxide 

too lbs. of iron pyrites will generate 115 lbs. of sulfur dioxide, which is equivalent to about 
657 cu. ft. of gas at normal temperature and pressure. 

* In the burning of sulfur a great amount of heat is generated, and sometimes the unburnt 
sulfur becomes so hot that a portion of it volatilizes, and this condensing on the material 
being bleached may cause spots which arc subsequently very difficult to remove. Danger from 
volatilized sulfur may be overcome by placing a shield (best made of wood covered with 
sheet lead and felt) in such a way that the fumes must strike the shield before coming in 
contact with the goods. This causes the volatilized sulfur to condense on the shield. 
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acid vapors on condensing cannot drop on the p^oods, otherwise serious 
damage may be the result as these condensations are in reahty con- 
centrated sulfuric acid. ^ 

The amount of sulfur consumed in bleaching wool is about 6 to b 
percent on the weight of the material, but this (juantity must also bear 
a certain proportion to the size of the chamber. 

The principle of bleaching with sulfurous acid (lei)ends on the 
strong reducing action this chemical manifests when in the presence 
of any substance capable of decomposition in this manner. A mole- 
cule of sulfurous acid eas abstracts an atom of ox\gcn from the com- 
pound in question (in this case an organic coloring matter) and forms 



Fig 75— Sulfur Pleaching Chanihcr. 


sulfuric anliydridc, SO.^, which immediately combines with the mois- 
ture present to produce stilfuric acid; thus: 

SO, + ()rr:SO, 

SOH- HX)r__ 11,S(),. 

Since the bleaching action of sulfurous acid gas in the dry state i^ 
but slight, it is, perhaps, better to assume that the reaction takes place 
in the following manner: 

iLso, + o n,so„ 

which is in reality equivalent to the simultaneous occurrence of the 

two preceding reactions. ^ • 

In carrying this method of bleaching into ])ractical operation, it is 
neces.sary that the wool (whether as loose stock, or in the form of yarn 
or cloth) should be well scoured before being placed in the bleach- 
ing chamber ; and the material must be mj arranged as to give the great- 
est surface possible for exposure to the action of the gas. It is some- 
times the case, that after wool has been scoured and previous to its 
bleaching, it is tinted with some suitable blue or violet dyestulf in a 
weak soap bath. If the dyestulf so used is not decolorized by treatment 
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with sulfur dioxide the tint will remain after bleaching, and will give a 
bluish tone to the white obtained, which is more agreeable to the eye 
than a dead white. If the tinting is not done before the bleaching, it 
usually is required in goods which are to be left in the wliite state ; not, 
however, for wool which is bleached simply for the purpose of dyeing 
it in delicate shades. 

In the stoving chamber for wool bleaching considerable care must 
be taken to provide suitable means of ventilation so as to control the 
incoming and outgoing currents of air. In order to prevent drops of 
condensed acid forming on the roof heating coils should be suit- 
ably arranged. Furthermore, it must be borne in mind that suf- 
ficient air must be present to allow of the complete combustion of the 
sulfur, which otherwise might sublime in a fine powder and fall on the 
goods. In case the sulfur is burnt outside the bleaching chamber it is 
well to filter the ingoing gases through moist cloth. 

When loose stock is to be bleached it is simply spread out on shelves 
arranged in the bleach-room. The wool should not be laid down too 
thick, and should be in a slightly moistened condition. In order to in- 
sure the equable penetration of the gas to all portions of the material, 
the wool should be turned over from time to time. In yarn bleaching, 
the hanks are loosely hung on sticks in the bleach-room, and no fur- 
ther attention is actually necessary; though in order to avoid possi- 
bility of unevenness it is well to turn the position of the hanks on the 
sticks. Cloth is bleached by hanging it in folds in open width up and 
down through the room over a series of 1 oilers. In some cases, the 
cloth is passed through the room continuously at a slow rate of motion.'* 

In the gas process of bleaching wool the fiber acquires a harder and 
rougher h ’ die and a lessened luster than is the case when bleaching 
with an aqueous solution of sulfurous acid. However, by treatment 
with a lukewarm dilute soap bath the fiber is again softened and given 
a ])lcasant handle, although this treatment tends to bring back again a 
yellow tinge to the wool. On this account it is, perhaps, more custom- 
ary to after-treat the bleached wool with a bath of only cold water, 
or at best, with the slight addition of hydrogen peroxide and a trace of 
suitable bluing (Crystal Violet, Alkali Violet or Alkali Blue). 

The time necessary to finish the bleaching will, of course, be largely 
dependent upon the character of the material under treatment. As a 
rule, about twelve hours will be sufficient under ordinary conditions; 
and usually the material is allowed to remain over night in contact with 
the gas. 

It is said that gas bleaching requires from five to ten percent of 
sulfur on the weight of the goods; and loose wool probably requires 
more than yarn or cloth. 

It has already been stated that sulfur dioxide is very difficult to re- 

* In arranging woolen goods in the sulfur chamber, loose stock should be spread out on 
shelves, yarn should be hung on sticks, and_ cloth may be festooned on glass rods or 
enamelled sticks. When light-weight wool fabrics arc to be bleached, it is possible to have 
a mechanical arrangement whereby the cloth is carried through the bleaching chamber con- 
tinuously. It may also be remarked in the case of skein yarn and cloth, the position of the 
material on the sticks should be changed from time to time, or stick marks are liable to 
show up on the bleached goods. 
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move from the wool fiber ; therefore, after bleaching, the goods should 
be very thoroughly washed.® But even continued washing fails to 
remove the sulfur dioxide as completely as is desirable, hence in some 
cases it is recommended to pass the material through a weak bath 
of chloride of lime or sodium hypochlorite. Other oxidizing agents, 
such as weak solutions of potassium permanganate or hydrogen per- 
oxide, may also be used.® By treatment the small amount of sulfur 
dioxide which remains in the wool is converted into sulfuric acid, 
which is easily removed by washing; and then, too, its presence is far 
less objectionable than the sulfurous acid, as it has no bleaching action 
on colors. This treatment with oxidizing agents is especially to be 
recommended in the case of bleached woolen pieces which are to be 
printed in colors. Besides neutralizing the injurious effect of the 
sulfurous acid, treatment with solutions of chloride of lime at the same 
time increases the affinity of the wool for many dyestuffs. Frequently 
bleached yarns are woven together with those which have been dyed, 
and if any residue of sulfurous acid is left in the bleached wool, it will 
nearly always manifest its presence by decolorizing the dyed yarn 
with which it comes in contact. Also, on scouring, the bleached yarn 
will return to its natural yellow tinge. The same remarks hold of wool 
bleached in the loose state which is afterwards to be spun up into yarn 
and woven with colors, or even if it is to be subsequently dyed in the 
loose stock for the production of mixed yarns. Sometimes, wool is 
bleached after being dyed, in which case it is, of course, essential that 
the dyes employed should be fast to the sulfur bleach or “stoving.” ^ 
Of the several oxidizing agents mentioned for the purpose of re- 
moving the last traces of sulfurous acid from the fiber, the safest one 
by far to employ is a dilute bath of hydrogen peroxide, as in this case 
there is no danger of injuring the fiber by an excess of the reagent ; and 
also excess of the chemical employed, if in turn not removed from the 
wool, will have no bad effect. If an excess of chloride of lime is used, 
there is danger that the wool fiber will be injured, and if all of the 
chemical is not subsequently removed by thorough washing, injurious 
results will follow. The same is also true of potassium permanganate, 
in which case, if an excess is used, the wool will turn brown from 
the deposition of oxide of manganese in the fiber ; and then a second 
bath of sulfurous acid must be employed in order to remove the 
manganese compound. Instead of employing a solution of hydrogen 
peroxide directly, one may use a dilute solution of sodium peroxide 

•The water employed for washing wool after bleaching with sulfur dioxide should be 
particularly free from iron. Parts of the washing or other in.'ichinery with which the goods 
might possibly come in contact should be piofcctcd and t.istd with w-oud All the iron- 
work near a sulfur bleach plant should be lime-washcd. When a sulfured piece of wool 
goods comes in contact with iron or with iron-bcanng water a stain will usually form 
which is difficult and expensive to remove. 

• Rcychlcr (Bull. Soc. Chim. Dclg., 1909, p. 471) has made a detailed investigation of 
the action cf sulfurous acid gas on wool in the presence of varying amounts of air. His 
results tend to show that the amount of gas fixid by th< wodl (UpenrU ui)on two factors: (a) 
the minor one due to "chemical absorption,” and (b) the main one of absorption or solution 
of the gas in the fiber. 

' The test for fastness to stoving is made as follows: a portion of the dyed wool is 
plaited with some white wool, moistened, and placed m a bottle containing fumes of 
sulfur dioxide. The bottle is corked up and allowed to stand for 12 hours, and then the 
sample is examined to see if the color has faded or has bled into the white. 
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which has been acidulated with sulfuric acid, in which case the liquid 
will then contain hydrogen peroxide in solution. 

A convenient apparatus for use in the bleaching of wool materials 
with compressed sulfurous acid gas has been devised by Shaw. It is 
the following (sec figure 76): The compressed sulfurous acid gas is 
contained in the cylinder A, which is connected to an expanding cham- 
ber B, and the latter in turn is connected with the cylinder C through 
which a perforated pipe leads up through the material to be bleached. 
Pressure gauges are placed on the two cylinders B and C at G. The 
fabric to be treated is rolled on the perforated beam P, and put in 



position in the cylinder. The connection between B and C is opened 
and the air is removed from the woolen material by means of the con- 
nection from V leading to a vacuum pump. When the air is exhausted* 
the vacuum connection is closed, and also the connection between B 
and C, while that between A and B is opened until the pressure gauge 
shows that the sulfurous acid gas has expanded into the chamber up 
to one atmosphere pressure. The valve between B and C is then 
opened, and the gas under the pressure indicated forces its way 
through the material to be bleached. 

3. The Liquid Method of Bleaching with Sodium Bisulfite. 

Instead of employing sulfur dioxide in the form of a gas, its 
aqueous solution may be used ; or better yet, a solution of sodium bi- 
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sulfite in connection with sulfuric acid may be used. This method is 
termed liquid bleaching,^ and is carried out by simply working the wool 
in the bleaching bath, and allowing it to steep until the process is com- 
pleted, which usually re(|uires from 6 to 24 hours, depending on the 
strength of the bath and the nature of the material. 

The same general remarks which have been made in connection with 
the process of bleaching by means of gaseous sulfurous acid also hold 
true for the liquid method of bleaching, and the chemical principles in- 
volved are exactly the same, the only difference being in the method 
of applying the bleaching agent. 

When employing a solution of sodium bisulfite, it is best to steep 
the material for 6 to 10 hours in a bath at a strength of about 2° Tw. ; 
then squeeze, and pass through a batli of sulfuric acid at 1° Tw.® 
Sodium bisulfite in its aqueous solution may be considered in some 
degree as a solution of the neutral sodium sulfite together with one 
of sulfurous acid : 

2 NaHS03 -f water — NaoSO. -j- H.SO, -f- water. 

The sulfurous acid acting on the wool produces a certain amount of 
bleaching; and it is also probable that the sodium bisulfite itself has 
a certain degree of bleaching action. The bleaching, however, is not 
rendered complete until the wool is treated with a bath containing 
sulfuric acid, which reacts with the sodium bisulfite in the fiber and 
liberates sulfur dioxide. The efficacy of this reaction 

NatlSO. -f liSO, = NallSO, + SO.> -f IJT) 
or 2 NaIIS()3 + H^SO^ NaSO, -f 2 SO, + 2 100 

is rendered greater by the fact that the sulfur dioxide at the moment of 
liberation (nascent state) is much more chemically active than in any 
other state; and also, a«^ it is liberated within the innermost portions of 
the fibers where the solution of sodium bisulfite has penetrated. After 
the treatment with the acid bath, the wool should be well washed in 
order to remove as far as possible the excess of sulfurous acid ; though, 
in order to remove the last traces of this chemical, as before explained, 
it will be necessary to treat the material with a bath of chloride of lime 
or other oxidizing agent. 

The following practical method is given for tlic bleaching of 100 
lbs. of loose wool by the liquid method : Prepare a bath containing 

• It is said that the liquid process of blcacliing wool docs not yield the same degree of 
whiteness as the stoving process. In practice, however, it possesses compensating advantages, 
not the least of which is greater permanence, and when dry the absence of odor. The 
smell of sulfur, however, is generally somewhat perceptible when the goods are moist and 
warm. The liquid process also has the further advantages of being both cionomical and 
convenient. The greater permanency of the liquid bleach is probably due to the better 
penetration of the bleaching agent into the core of the fiber. 

® Tlie following formula for bleaching with sodium Insulfitc is given: 

125 galls, of water (free from iron) 

10 galls, of sodium bisulfite (72° Tw.) 

6 pints of sulfuric acid (168“ Tw.) 

The wool is placed in this bath over night, then drained well and thoroughly rinsed. 
Generally from 10 to 20 percent of bisulfite will be found suitable for ordinary purposes, 
but no positive rule in this respect can be laid dnwn, as experience with different woolen 
materials alone will enable the bleacher to determine the strength and quantity of the 
solution to be employed in any particular case. 
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550 gallons of cold water free from iron, 4^2 gallons of sodium bi- 
sulfite solution of 38^ to 40° Tw., and 1/3 gallon of concentrated sul- 
furic acid. The wool is left in this bath over night, after which it 
is drained and then tinted in a bath containing oz. Acid Violet 6BN. 
It is then squeezed and dried. 

The process of liquid bleaching of woolen cloth is usually carried 
out in the ordinary cloth-washing machines, although a suitable machine 
specially constructed and set apart for the purpose is to be preferred. 
Iron parts with which the cloth may come in contact should be cased 
in wood, and all other iron parts should be occasionally lime-washed. 
Before i)lacing in the bleaching bath, the cloth should, of course, be 
well scoured and washed, and then hydro-extracted, so as to remove 
the excess of water, if the cloth is introduced too wet it will not 
take up the bleaching liquor properly, and if too dry, the bleaching is 
liable to be uneven. 

4. Use of Sodium Hydrosulfite for Bleaching Wool. 

Sodium hydrosulfite is a salt of hydrosulfurous acid, prepared by 
the action of zinc dust on a solution of sodium bisulfite. As sulfurous 
acid and its salts are derivatives of the dioxide of sulfur, SO^, so hydro- 
sulfurous acid and its salts arc derivatives of the mono-oxide of sul- 
fur, SC). In consequence, hydrosulfurous acid would have the for- 
mula ILSC)^, and the sodium salt would be NaHSOg. Neither the 
mono-oxide nor the free acid has been prepared, but the sodium salt 
can readily be prepared in solution in the manner above described. 
The solution of hydrosultitc has a powerful reducing action, in which 
it surpas es sodium bisulfite or sulfurous acid, because while the lat- 
ter will onb combine with one atom or oxygen for each molecule of the 
reagent, the former will combine with two atoms of oxygen: 

IL.S(b3 + 0 = ILSO^ 

\\.S0., + 0^~U^S0,. 

Sodium hydrosulfitc is a salt of very unstable nature, and hence 
must be prepared as used, as its solutions do not keep for any length of 
time. Its preparation depends on the interaction of zinc with sodium 
bisulfite, which may be represented as follows : 

3 NallSO^ -f Zn = Nall SO, + ZnSO^.Na^SO, + I T, 0 . 

That is, three molecules of sodium bisulfite are required to form one 
molecule of the hydrosulfitc, the remaining portion of the former salt 
going to form a double sulfite of sodium and zinc. A solution of 
sodium bisulfite is prepared so as to stand at about 60° I w.; zinc dust 
in considerable excess is added, the mixture well stirred up, and then 
allowed to stand for a few hours in a covered vessel and in a cool 
place. The reaction is considered to be complete when the odor of 
sulfur dioxide is no longer perceptible. In order to precipitate the 
double zinc compound formed at the same time, the solution should 
be left for several hours, when a considerable portion of this salt will 

'“Relative to bleaching wool with solutions of sodium bisulfite, see Farber-Zeit., 1906, p. 113. 
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crystallize out. .The clear liquor should then be syphoned off, leaving 
behind the excess of zinc dust and the crystals of zinc-sodium sulfite. 
To remove all of the zinc compound from the solution, it is necessary 
to add milk of lime, which will precipitate the zinc in the form of zinc 
hydrate, leaving calcium and sodium bisulfites in solution with the 
sodium hydrosulfite. The liquid should be allowed to settle, and the 
clear supernatant solution run off.^^ The solution is then made up to 
a bath to stand at about 2 ^ Tw., and the well-scoured wool is soaked 
therein for 6 to 8 hours in the same manner as when bleaching with 
solutions of sodium bisulfite. After bleaching, the goods should be 
thoroughly washed; and, as the same conditions hold as for the 
bleach with sulfurous acid, if it is necessary to remove all of the sul- 
fur compounds, the wool must be after-treated with oxidizing agents. 

For tinting purposes with the sodium hydrosulfite bleach, indigo 
in small quantity may be added directly to the bleaching liquor, for 
sodium hydrosulfite readily reduces this coloring matter to the soluble 
indigo-white which then dyes the wool, and becomes reoxidized to in- 
digo-bluc, so that the tinting may be carried out simultaneously with 
the bleaching. 

The water employed for preparing the solution of sodium hydro- 
sulfite, and also that used for diluting the bath, should be boiled for 
the purpose of removing the dissolved air; as in this manner the ef- 
ficiency of the bath is much increased, for otherwise the dissolved 
air in the water rapidly oxidizes the hydrosulfite, and renders it un- 
suitable for purposes of bleaching. If all of the zinc dust is not re- 
moved from the bleaching solutions, the goods will be liable to be 
stained. 

At the present time preparations of sodium hydrosulfite may be 
obtained in a solid and stable form. One of the earliest of these prep- 
arations was Hydrosulfite Cone, of the Badische Co. This consisted 
of a double hydrosulfite of zinc and sodium in a crystalline form; 
it was made by preparing crystals of sodium hydrosulfite by the ad- 
dition of common salt to a concentrated sodium hydrosulfite solution 
prepared in the usual manner from sodium bisulfite and zinc dust. 
Zinc hydrosulfite was prepared by the action of zinc on a solution of 
sulfurous acid. The Hydrosulfite Cone, was mixed with a small 
amount of alcohol for the purpose of enhancing its keeping qualities. 
I'he chief drawback to its use was that when a package of it was 
opened it had to be quickly used up. Hydrosulfite Z (of the Farb- 
werke Hochst) is dry zinc hydrosulfite precipitated from solution by 
the use of sulfuric or hydrochloric acid. This product, however, is 
but little used except in connection with synthetic indigo. Zundel, in 

” The following method of preparing a solution of hydrosulfite is given: 8 galls, of 
sodium bisulfite (72® Tw.) and 19 galls, of water are mixed cold; 7 lbs. of zinc dust made 
into a paste with a little water arc then gradually added, taking care that the temperature 
docs not rise over 95“ F. Stir carefully for 10 mins, and then allow to stand for 1 hr. 
Draw off the clear liquor into milk of lime prepared by cautiously slaking 9 lbs. of burnt 
lime in 2 galls of water. Stir slowly for 10 mins, then alhnv it to settle over night Draw off 
the clear solution of hydrosulfite into glass carboys. As the hydrosulfite solution is not 
very stable it 13 not advisable to prepare more than a three days^ supply. The addition of 
a little caustic soda (i gill of caustic soda solution 76* Tw. to 6 galls, of hydrosulfite) 
will tend to preserve the solution better. 
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1902, discovered that by the addition of formaldehyde to sodium 
hydrosulfite it could be obtained in the dry condition and a stable form. 
This process is being worked by the Farbwerke Hochst and the Cas- 
sella Co. The former company put its product on the market under 
the name of Hydrosulfite NF, while the latter company sold it under 
the name of Hyraldite A. In the preparation of these products a so- 
lution of sodium hydrosulfite is made in the usual manner by the action 
of zinc dust on a solution of sodium bisulfite; the hydrosulfite is then 
salted out, filtered and pressed, and then mixed with 25 to 30 percent 
of formaldehyde, and finally dried in a vacuum. It has been found 
that a better product is obtained by mixing with zinc oxide. Prepara- 
tions containing the latter are sold under the names of Ilydrosulfite 
NFW and Hyraldite W. The Badische Co. have also improved their 
product and sell it under the name of Hydrosiilfite BASF. 

Since the war several firms have successfully prepared and mar- 
keted various hydrosulfitc compounds suitable for use in wool bleach- 
ing and the stripping of colors. The pure anhydrous sodium bydrosul- 
fite as well as the zinc and formaldehyde compounds can now be ob- 
tained of American make and of excellent quality. 


5. Bleaching with Peroxides. 

Though hydrogen peroxide has been employed to some extent in 
practical wool bleaching, its high cost excludes it from general appli- 
cation; and the same may be said with regard to barium peroxide from 
which hydrogen peroxide is made. The recent introduction of im- 
proved methods for the preparation of sodium peroxide has led to its 
iiianu fact -ire on a large commercial scale, and by its use the peroxide 
method 01 bleaching may be carried on within reasonable limits of 
cost.^^ 

Hydrogen peroxide is prepared by treating barium peroxide with an 
acid, either sulfuric, hydrochloric or even carbonic acid being used 
for this purpose. Barium peroxide in turn is made by heating barium 
oxide in a current of air, whereby it absorbs oxygen and becomes con- 
verted into the dioxide : 


BaO -f O = BaO., 

BaO^ + H,SO, == HA + BaSO^. 


Hydrogen peroxide has the chemical formula H.Ogl and in the 
pure state it is a colorless, oily liquid, easily decomposed into oxygen 
and water. The commercial hydrogen peroxide is a solution of this 
substance in water, containing from 3 to 6 percent of actual hydrogen 
peroxide. The strength, however, is always indicated by the num- 


” There have been various forms of peroxide bleaching agents suggested for use all of 
which eventually depend for Ihcir bleaching effect on the aepon of hydrogen perox d . 
These agents are hydrogen peroxide, sodium peroxide, sodium perborate, , • ’ 

sodium persulfate and sodium peisilicate; the last three, however, have only a theoretical in- 
terest to the bleacher. For a discussion of these various bleaching agents see F. h.rban, 
Farb. Zeit., 1909. and O. Kausch. Elsbssrr Tc \Ulblatt, 19\^ and tn a 

“ Bohn and Leyden have prepared hydrogen i>eroxidc m the solid form ^y ^^mg to a 
solution of hydrogen peroxide a quantity of gelatine and glycerin, cooling the 

mixture until a hard solid mass is obtained. This product is ^ 

long time, and is made active by simply heating to a temperature of 75 to x r r. 
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ber of times its volume of oxygen it is capable of liberating ; a lo 
volume strength, for example, meaning that one liter of the solution 
will liberate ten liters of available oxygen gas.’^ Some confusion has 
existed as to the true meaning to be given to the volume strength of 
hydrogen peroxide solutions; whether it should refer to the volume 
of available oxygen present in the solution, or to the volume of oxy- 
gen which is liberated when the solution is treated with potassium 
permanganate. It would seem the better practice to have the volume 
of strength conform with actual volume of available oxygen. Solu- 
tions of hydrogen peroxide are usually kept slightly acid, as other- 
wise they would lose their available oxygen very rapidly ; phosphoric 
acid is mostly used for this purpose. Even with the best precautions, 
however, solutions of hydrogen peroxide gradually lose their strength, 
especially in the presence of organic matter or metallic salts. 

For the bleaching of woolen goods with hydrogen peroxide a bath 
is prepared containing i gallon of hydrogen peroxide (to volume 
strength ) and 9 gallons of water. For 100 pounds of woolen cloth 
approximatelv 100 gallons of such a solution will be required for satis- 
factory bleaching. 

Suggestions have been made in various patents to bleach with 
hydrogen peroxide bv saturating the goods with a strong solution of i 
part hydrogen peroxide (3 percent) and i part of water, squeezing 
and subjecting to the action of hot ammonia vapors. These methods, 
however, while more complicated, do not seem to be anv more efficient 
or satisfactory than the usual simple process of stceffing the goods in 
the weak solution of hydrogen peroxide. 

Sodium peroxide has the chemical formula Na^O,,, and it appears in 
trade in the form of a yellowish white amor]dious powder, ft is manu- 
factured at the present time on a large scale by the electrolytic method ; 
that is to say, the metallic sodium for its manufacture is made by this 
method. The peroxide itself is made by heating the metallic sodium 
contained in aluminium vessels in a current of oxygen gas : 

Nao + O3 — Na.O^ 

The composition of the commercial product is apf)roximately as fol- 
lows ; 

Percent 


Sodium peroxide 

Sodium oxide 2.0 

Sodium hyflrate r 2.5 

Sodium carbonate 2.5 


The samples at first sent into market contained appreciable amounts 
of iron, but this has been remedied by the use of aluminium retorts, 
and the sodium j)eroxide now to be met with is perfectly free from 
iron. If kept dry, sodium peroxide is (|uite stable in character, but in 
the presence of moisture or organic matter it readily decomposes into 

'* IlydroRen peroxide may now he obtained commercially of 24 volumes strength. 

According to Wolffenstt in, bleach baths of hydrogen peioxide may be best made up 
m vats made of tin or tin-lined materials (see Ger. Pat. 206,566). 
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caustic soda and oxygen ; and under such conditions, it may become 
quite dangerous in handling, and serious fires and explosions may re- 
sult, consequently this chemical should be stored with the greatest of 
care. ^ When thrown into water sodium peroxide dissolves with the 
evolution of great heat, which causes it to sputter up and take fire, 
hence much precaution should he taken in dissolving it ; it should be 
sifted gradually into the water and never be added in large lumps ; the 
same precautions should be taken, in fact, as when adding sulfuric 
acid to water. W^hen dissolved in water, sodium peroxide forms hy- 
drogen peroxide and caustic soda in the following manner : 

Na,0, 2 IT,0 + 2 NaOIL 

As hydrogen peroxide solutions are not very stable in the presence of 
an alkali, the solution of sodium peroxide will gradually decompose 
with the liberation of oxygen gas.^“ When the solution is acidulated, 
however, as when sodium jieroxide is dissolved in dilute sulfuric acid, 
sodium sulfate and hydrogen peroxide are produced, both of whicii 
remain in solution together with the excess of acid. This forms a very 
convenient method of preparing solutions of hydrogen peroxide. 

In the peroxide bleaching of wool, more than in any other process 
of bleaching, it is very essential that the materiarbe thoroughly 
cleansed, and this is particularly true in the case of cloth. Any residues 
of fat or soap or particles of iron or rust (from the cards or combs) 
will cause a ra])i(l decomposition of the peroxide solution. Th.e very 
ready decomposition of the bleach bath explains the fact that in piece 
bleaching establishments where only pure and carefully prepared piece 
goods are (»*eate(l the bleach baths may be kept running continuously 
for a month with proper freshening up each day, while in establish- 
ments operating on rather impure yarns or on loose wool the 
bleach baths (lecom])Osc very ra])idly and often spontaneously with 
effervescence. It may be generally assumed that the less pure is the 
material to be bleached thennorc rapid will be the decomposition of the 
hydrogen peroxide and in consequence the higher will be the cost of 
the bleaching. 

It is also important for success in peroxide bleaching to have a 
good supply of ])urc water, which .should be as free as possible from 
organic impurities, and especially free from iron. 

Bleaching with sodium peroxide is carried out in the following man- 
ner: The bath is prepared bv first adding the requisite amount of sul- 
fu ric acid to the water, and then cautiously sifting in the required 
amount of sodium peroxide, 'fhe bath is then tested with litmus 

In the consideration of peroxide blraihiiif^ compoiirids .1 has been found that certain 
peroxide .salt.s possess a greater degree of statnlity than otlieis. This is tspeiially true in 
the case of magnesium peroxide, which is iniu h more stable than sodium peroxide, and 
which according to Prudhomme exists in combination with the hydrate and has the probable 
formula: 

, 3 Mg (OH), + MgO, or 3 Mg (OH), + MgO (OH), 

If, therefore, magnesia nr a .salt of magnesium such as magnesium sulfate, Epsom salt, etc.), 
IS added to a pei oxide bleaching bath, the trndenev is to imicase its stability, owing to the 
formation, in Qart at hast, of magnesium peroxide which has a much slower rate of de- 
composition. ( astner (Gcr. Pat. 74,173) has suggested the use of mixtures of sodium 
peroxide and magnesium sulfate (or chloride). Calcium salts may also be used, but the 
stabilizing effect is less. 
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paper, and if the amounts of acid and peroxide have been properly 
calculated, the bath should show a slight acid reaction, and turn blue 
litmus paper red. It is necessary that there should be at least a slight 
excess of acid in order to insure complete neutralization of the caus- 
tic soda formed in the reaction as if any of this latter compound 
is left in the solution it may very seriously injure the wool being 
bleached. The reaction which takes place is as follows : 

NaA + H,SO, HA + Na,SO,. 

It is best to add the chemicals in the order described ; that is the acid 
first and the sodium peroxide last, as in this way there will not be so 
much loss of oxygen;^® for if the peroxide is added first and then 
the acid, there will be so much heat liberated by the peroxide coming 
in contact with the water, and in the presence of the alkali, the hydro- 
gen peroxide formed will be more likely to decompose, whereas, by 
assuring a constantly acid liquor for the solution of the hydrogen per- 
oxide 2LS fast as it is formed, there will be less loss of oxygen. If the 
bath is not to be used directly for bleaching, it should be left in the 
acid condition; but immediately before use. the bath should be brought 
to a slightly alkaline condition by the addition of ammonia water; 
although sodium phospate, borax, magnesia, sodium silicate, or other 
mild alkali may be used for this purpose.^® By making the bath 
alkaline its bleaching action is rendered more rapid ; care, how^ever, 
should be taken not to add too much or too strong an alkali, as then 
the oxygen would be liberated unnecessarily fast, and the bath would 
run down too rapidly. After the alkali has been added in sufficient 
amount to turn red litmus paper blue, the wool is steeped in the bath, 
and left for lo to 20 hours ; after which it is taken out and washed of! 
with water containing a small amount of oxalic acid. The bleaching 
bath must be made up in a wooden or cement tank absolutely free from 
metal parts such as iron, copper, etc. The .smallest amount of iron, 
such as a nail, will render the bath useless, as the oxygen will be rap- 
idly liberated and the iron oxide formed will stain the wool. The use 
of water containing any trace of iron must also be avoided. In fact, 
there will be sufficient iron pre.sent in water which is delivered through 
iron pipes for any distance, especially if the water is allowed to stand 
in the pipes for any length of time, to cause it to be unfit for use in 
bleaching with sodium peroxide. Water lying in iron pipes over Sun- 
day when used on Monday morning will generally contain enough dis- 
solved iron to ruin the peroxide bleaching bath ; and on this account 
imperfect results arc often obtained by the use of this method, and 
the fault has been hard to locate. It is best to have the iron pipes 

” For the neutralization of xoo parts of sodium peroxide there is required 133 parts of 
sulfuric acid of 66“ B^. 

Sodium peroxide is now put on the market in the form of compressed tabloids. The ob- 
ject of this is that the tabloids dissolve more slowly in water and cause less loss of oxygen, 
the peroxide also keeps better in the tabloid form, and when used less of the chemical gets 
into the air in the form of dust to attack the mucous membranes of the nose and eyes. 

In the bleaching of mohair with sodium peroxide, greater care must be exercised 
than in the treatment of wool with respect to the alkalinity of the bath and its temperature. 
As far as possible, the bath should be neutral and the temperature should not be highei 
than 100“ F. A bath of one-volume strength is sufficient for the bleaching of mohair. 
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coated inside with tar paint, as this also renders the water more suitable 
for purposes of dyeing as well as bleaching. Caution should also be 
had that the sulfuric acid employed in the preparation of the peroxide 
bath should be as free from iron as possible. Many unsuccessful at- 
tempts at the use of peroxide bleaching can be traced to the use of 
sulfuric acid containing sufficient iron to destroy the efficiency of the 
bleach.^® The bleaehing bath should be maintained at a temperature 
of about 100° to 120° F., and the steam for heating may be introduced 
by either rubber or lead pipes. The pipe should simply traverse the 
tank and be open at the exhaust end, in order not to have the steam 
superheated while passing through the bath. By using a higher tem- 
perature in the bath the time for bleaching may be somewhat short- 
ened, but there will also be a large and unnecessary loss of oxygen. 



Fjc., 77. — Hlcadiing Vat for IV'roxide Method, 

In order to tint the bleached wool, it may be washed after coming from 
the bleaching bath in water slightly acidulated with oxalic acid and 
containing a trace of Indigo Extract or Acid Violet. The only sub- 
stance left in the wool after coming from the bleaching bath is sodium 
sulfate, any excess of which is very readily removed when washed with 
water; and if any of the salt is left in the goods its presence causes no 
bad results, except in so far that when present in considerable amount, 
the salt on drying may show a white efflorescence; but this will very 
seldom be the case, as the bleaching baths arc usually not sufficiently 
concentrated, and such a result will only happen when the bath is 
worked continuously and becomes too heavily charged with sodium 
sulfate. Such an efflorescence, however, is readily removed from the 
wool by washing in water. Another point in favor of this method of 
bleaching is that the white so obtained is a permanent one, and the 
natural yellow tint of the fiber does not return again on washing and 
exposure to the air, as in the case of bleaching with sulfurous acid. 

„"For effect of different metals on bleaching baths of sodium peroxide, see Luttringhaui 
Farber-Zeit., 1901, p. 328 and 1902, p. 165. 
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the substances be used in the proportion of three parts by weight of the 
magnesium salt to one of the sodium peroxide. The process is oper- 
ated in the following manner: Thoroughly wet out the wool in a solu- 
tion containing 30 percent of its weight of magnesium sulfate; then 
lift the wool, add 10 percent of sodium peroxide; re-enter and raise 
the temperature to 160^^ F., maintaining it at that point for one hour, 
when the process should be complete. On adding the sodium peroxide 
to the bath the liquid becomes milky, which is due to the insolubility of 
the magnesium peroxide. A subsequent washing in a dilute acid bath 
will remove any adhering oxide of magnesium which may have been 
precipitated on the fiber. The saving in time by this process compared 
with that by the ordinary one is very great, but the cost is considerably 
more.^^ 

The peroxide bleach is not only useful for goods which are to re- 
main in the white condition, but also for wool which is to be dyed in 
delicate shades. Wool which has been bleached by the sulfur process 
cannot be dyed in light tints unless the excess of sulfurous acid has 
first been removed by a treatment with an oxidizing agent, as the sulfur 
dioxide if left in the fiber would destroy the great majority of dyes in 
such tints. 

In setting a fresh bath with hydrogen peroxide or sodium peroxide, 
especially if wooden tubs are used, it is best to first bleach out the tub 
together with all wooden material to be used in the bleaching, steeping 
them in a solution of sodium peroxide over night. For this purpose 
a percent bath may be used ; in this manner the coloring matter in 
the wood, which might otherwise be extracted and stain the goods, is 
removed. All the chemicals employed in connection with bleaching 
with sodium peroxide, such as acids, soaps, etc., should be first exam- 
ined to ascertain if they are free from iron, as otherwise bad results 
may be obtained. Iron steam- or water-pipes, from which condensed 
steam may drip down, should not run over the tanks containing the 
sodium peroxide solution, as iron is liable to be introduced into the bath 
in this manner. . 

The question as to whether hydrogen ])eroxide or sodium peroxide is 
cheaper for the preparation of the bleach bath has been the subject of 
much discussion (see Fdrhcr-Zeit., 1900, pp. 268, 337, 398; i(j03, p. 
412; 1904, p. 58). While sodium peroxide is much more conc£ntrated 
and consequently has less freight charge in transportation, on the other 
hand, it requires a considerable amount of sulfuric acid for neutraliza- 
tion. The only proper criterion in this matter would be the results 
obtained in practice on a comparative use of both compounds. 

In the tinting of goods bleached by the peroxide method, trouble is 


"Another formula for bleachinR wool or half wool Roofls by this process, but using a 
weaker bath and giving a longer treatment, is as follows- Prepare a bath ^‘^'H’taining i8 
percent (on the weight of the goods) of magnesium sulfate (Epsom salts) at 160 F., then add 
6 to 8 percent of sodium peroxide dissolved separately Work the goods in Una bam 
for one hour and then sink undtr the liquor over night. The goods must be kept below the 
surface while left lying and this is best done with a wooden grating loaded with clean 
stones. This grating must be made without iron nails. The bath may be kept standing for 
weeks reinforcing for e.ich batch with 4 to «; percent of sodium peroxide and la to 15 
percent of magnesium sulfate. At each heating-up of the bath a thick froth forms which 
must be skimmed off. This froth contains most of the precipitated magnesia. 
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sometimes experienced in the fact that the tint is not permanent, and 
washes out. It has recently been claimed, however, that if the goods 
are blued with Acid Violet or Alkali Blue before bleaching, the tint will 
be far more permanent. 

In bleaching wool by the peroxide method, Kocchlin recommends 
the use of sodium bisulfite in connection with the peroxide in order to 
increase the efficiency of the bleach. The woolen material is steeped in 
the peroxide bath, allowed to remain rolled up for a short time, and 
then passed through a bath containing sodium bisulfite. Thi*; treatment 
not only heightens the effect of the bleach, but also gives the wool a 
somewhat better luster. 

6. The Permanganate Bleach. 

Potassium permanganate is a salt of permanganic acid, which is a 
highly oxidized body. The potassium salt possesses the chemical for- 
mula K.^Mii^jO^. Its strong oxidizing action is due to its tendency to 
decompose, especially in the presence of acids, to form lower oxides of 
manganese ; thus, 

ICMnOg + 3H,S04 = K^SO^ + 2 MnSO^ + 3IPO + 5O. 

That is, one molecule of potassium permanganate is capable of fur- 
nishing five available atoms of oxygen for bleaching purposes. 

Sodium permanganate can also be employed as an oxidizing agent, 
though the potassium salt is more to be met with in trade. The disin- 
fecting properties of such liquids as ‘‘Condv’s fluid” are due to the fact 
that they contain sodium or potassium permanganates which are capable 
of rapidly destroying organic matter. 

When acid is not present in the decomposition of potassium per- 
manganate, instead of a manganous salt being formed, a brown hydrate 
of manganese separates out. If acid is not present in the reaction, the 
decomposition of the permanganate takes place as follows: 

K^MnoO^ + 3H,,0 =r 2X011 + 2AIn0,.H.,0 + 3O. 

The hydrated manganese dioxide is precipitated and the solution be- 
comes alkaline, owing to the formation of potassium hydroxide. Thus, 
in the bleaching of wool with potassium permanganate, when the ma- 
terial is first worked in a dilute solution of this salt, the fiber rapidly 
turns brown, and in order to remove the manganese compound it is 
necessary to subsequently treat the wool with a dilute bath of sodium 
bisulfite, the effect of which is to reduce the manganese compound to a 
colorless and soluble salt, which thus being removed by solution leaves 
the wool in a white condition. The bleaching of wool by this means 
may be carried out very rapidly, it being necessary to work the ma- 
terial in the solution of potassium permanganate for only a few min- 
utes; after which it is immediately .squeezed, and worked in the bath 
of sodium bisulfite for a few minutes; it is then washed off, and the 
process is finished.^® 

The use of potassium manganate for the bleaching of wool has also been suggested. 

1 he wool is steeped in a solution of 4 percent of potassium mangan.ate and i to 2 percent 
of niagnesium sulfate, I'hc latter is said to be added to prevent injury to the fiber by the 
manganate. After 15 minutes’ steeping the wool is removed and treated with a dilute solution 
of. sulfuric acid (or a solution of sodium bisulfatc or one of aluminum sulfate may be 
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The strength of the potassium permanganate solution should be 
from one to four percent (on the weight of wool) of the salt, and the 
temperature should not be above 120^ F. Too large an amount of 
permanganate will cause injury to the fiber by excessive oxidation, 
and it will also be difficult afterwards to completely remove the brown 
hydrated oxide of manganese. The material after coining from the 
permanganate bath should not be allowed to stand exposed for any 
length of time, but should be immediately treated with the solution of 
sodium bisulfite, otherwise the hydrated oxide of manganese may 
become so firmly fixed in the wool that it will be difficult to remove 
except by the use of a large excess of bisulfite; and if too much of the 
latter is used, it in turn is hard to completely eliminate from the fiber, 
and the goods will have to be passed through the permanganate bath a 
second time.^^ 

By using a permanganate bath properly acidulated with sulfuric 
acid, it is said to be possible to prevent the formation of the brown 
hydrated oxide on the fiber in wdiich case manganese sulfate is 
formed simultaneously in the bath. Under such conditions, the second 
bath of sodium bisulfite may be dis])enscd wdth, and only a thorough 
washing of the w'ool with water is required. 

It has always been claimed that bleaching with potassium perman- 
ganate is too expensive for ordinary purposes ; but it evidently deserves 
more attention than it has heretofore received, and if the process is 
properly carried out, it should not be much more expensive than the 
method in which sodium peroxide is used, and the time saved should 
in many cases make it more desirable. The bleach obtained with potas- 
sium permanganate is permanent, like the peroxide bleach, for in both 
cases the coloring matter of the wool is oxidized and absolutely de- 
stroyed.^® 

Oxalic acid aFo has the power to discharge the color on wool due 
to treatment with potassium permanganate; and instead of after- 
treating the wool with a solution of sodium bisulfite, it has been sug- 
gested to employ solutions of oxalic acifl. The oxalic acid reduces the 
oxide of manganese on the fiber and thus causes its removal in much 
the same manner as wTen sodium bisulfite is employed. This mcthofl 


used) for the purpose of dissolvinj^ tlic i)rtc ipitati d niariK-Tiiese salt from the filar Tlie 
sulfuric acid solution is used at a temperature of 20 to ir.°r The wool is finally waslierl 
and treated with a dilute bath of ammonia. It is dnuhtful if this process has any practical 
value. 

The followinc method of bleaching wool with potassium p<‘rnianganate is taken from 
practice: For 100 lbs. of wrell-scoured wool use a bath containing: 

4 lbs of potassium permantjanate 
lbs of magnesium sulfate. 

Work the wool in this bath until the solution becomes decolorized, then rinse and enter a 
weak bisulfite of soda bath acidulated with a small amount of sulfuric acid. This will remove 
the brown oxide of manganese from the fiber. Rinse the wool again and then repeat the 
two bleaching operations. Finally wash well in fresh water and soap in a bath containing: 

V/i lbs. of soap. 

H Ih. of ammonia, 
lb. of glauhef salt 

**10 this case about 15 ozs. of sulfuric acid should be added for each ifi ozs. of potassium 
permanganate used 

” The permanganate method of bleaching is not so much used on wool itself as it is on 
such hair fibers as mohair, alpaca, cashmere, etc , for which it serve.s as an excellent bleach- 
ing agent. This process is used chiefly on the material in the form of yarn, rather than 
on the loose fiber or on cloth. 



BLEACHING OF WOOL 


147 


also has the advantage that there is no objectionable chemical left in 
the wool, as would be the case with the use of sodium bisulfite, unless 
there should be just sufficient of the latter employed to neutralize the 
manganese compound, which is a difficult point to adjust. It lias also 
been suggested to use a bath of hydrogen peroxide after treatment with 
the permanganate bath. This also causes the decomposition of the 
manganic oxide, with the additional feature of liberating more oxygen, 
which should assist in the bleaching of the material. 

7. Bleaching with Perborates. 

Perborates have recently been introduced as bleaching agents; the 
chief salt available for this purpose is sodium perborate, though mag- 
nesium perborate has also been employed. 

Sodium Perborate is a bleaching agent of rather recent introduction. 
It is sold in the form of a crystalline substance, and contains about 10 
percent of active oxygen. In this respect it is somewhat similar to 
sodium peroxide in that it has a considerable amount of loosely com- 
bined oxygen, which under proper circumstances is readily liberated 
from combination in the nascent state, and thus becomes available for 
use in bleaching. On dissolving in water, sodium perborate furnishes 
active hydrogen peroxide and borax in solution, and the latter itself 
is of some advantage in bleaching, as it has a mild alkaline action and 
considerable cleansing effect, and, besides, it has not nearly tlic same 
destructive action on the fiber as the caustic soda, which is liberated in 
the use of sodium peroxide. Pleaching with the use of sodium per- 
borate is carried out in practically the same manner as with sodium 
peroxide. 

The rehi'ice cost of bleaching with sodium perborate is much too 
high to permit it to be employed for ordinary purposes of textile bleach- 
ing in competition with hydrogen peroxide. .Sodium perborate has 
some vogue for bleaching garments in cleaning establishments and 
laundries, as it can be used in connection with hot soap hquors without 
danger of seriously injuring the fabric. 

.Sodium phosphate is generally employed in connection with the 
sodium perborate, presumably to increase the alkalinity of the solution 
without making it caustic, as the bleaching activity (through the for- 
mation of hydrogen peroxide) is much greater in an alkaline solution. 
It is also recommended to treat the material to be bleached to a previous 
bath of sodium bicarbonate. This also aids to increase the alkalinity of 
the bleaching solution. This method has been suggested for the bleach- 
ing of artificial silk, in which industry it is probably used to some 
extent, though exact information on this subject is not obtainable. 

Sodium percarbonatc is also suggested as a bleaching agent similar 
In Its effect to sodium ])erborate, but there is no indication of its being 
employed in a practical scale. A number of proprietary bleaching com- 
pounds have recently been brought out in Germany chiefly for the pur- 
pose of selling for household use, in garment cleaning, bleaching hats, 
feathers, etc. 

Among these compounds is “Clarax.” which aptiears to be a mix- 
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ture of 20 percent sodium perborate, 25 percent borax, and 55 percent 
sodium phosj^liate, though these exact proportions are not always 
adhered to; “Persil’' is a mixture in about the following proportions: 
20 percent soap, 33 percent soda ash, 7 percent silicate of soda, 10 
percent sodium perborate, and 30 percent water. ‘‘Ozonit” is a similar 
compound containing approximately 38 percent soap, 3 percent silicate 
of soda, 23 percent soda ash, 26 percent of water, and 10 percent of 
sodium perborate. Patents have also appeared describing the use of 
sodium perborate for the bleaching of textiles in a circulating kier, the 
sodium perborate being mixed with the caustic alkalies employed in 
boiling-out. It is very doubtful if any of these methods are in practical 
operation for ordinary purposes of textile bleaching.^® 

According to a recent German patent, stearic acid rapidly and cheaply bleaches de- 
fatted wool to a white which is not affected by any subsequent treatment. The stearic acid 
must be used in the form of an emulsion, which must be acid to litmus. Alkalies, and 
even the lime in hard water, decreases the bleaching power materially. As regards the 
emulsification of the stearic acid, that is easily done by the help of a solution of soap or 
quillaia. It is easy to keep the emulsion acid by adding just a little more stearic acid if re- 
quired. Any waste emulsion can be utilized by converting it into soap by means of 
caustic sod? or even washing soda. ^ ^ • j 

The following example gives a complete description of the process. An emulsion is made 
by melting up 30 lbs. of stearic acid in 100 lbs, of hot extract of quillaia, which mav be 
previously mixed with 2 to 5 lbs of a neutral soap, which increases the permanence of the 
emulsion. To bleach wool with the emulsion, a bath is prepared at a temperature of from 
90® to 140° F., containing i to 3 gals, of the emulsion per too gals, of water. When 
the goods have been worked in the milky liquid for from 5 to 10 mins cold, they are lifted, 
wrung to recover the waste bath, rinsed, and dried. The drying should be carefully done. 
The lower the drying temperature the better the white. Goods bleached this way never 
turn yellow. The rinsing after bleaching must be thorough, as the emulsion tends to 
cling to the fiber. 



Chapter IX. 

Boiling-off or Dcgumming of Silk. 

1. Introduction. 

'J'he silk fiber consists of a filament of albuminous matter spun by 
the silkworm. As the thread, or fiber, issues from the spinneret of the 
worm, it is in the form of a double filament or fiber surrounded and 
cemented together by a more or less uniform coating of silk-glue or 
gum. Outside of the silk-glue there is little or no impurity present on 
the silk fiber. The silk fiber itself differs very slightly in chemical 
composition from the surrounding layer of glue, but the latter is soluble 
in hot solutions of soap, whereas the former is not, and on this reaction 
is based the general process of scouring silk. 

The scouring of silk is generally known under the terms of “boiling- 
off,’’ “stripping,” or “degumming.” By a complete dcgumming of the 
raw silk the loss in weight will be about 25 to 30 percent. For purposes 
of manufacture, however, it is not always necessary, or even desirable, 
to remove all of the silk-glue from the fiber. Depending upon the 
relative am* unts of silk-glue removed, the qualities of silk are classified 
into 

(a) Bern silk, from which only about 2 to 5 percent of the glue 
has been removed, 

(b) Soupted silk, from which 8 to 15 percent of glue has been 
removed. 

(c) Boiled-off silk, from which all the glue has been removed. 

2. Nature of the Impurities in Silk. 

The silk fiber proper consists of a proteoid substance resembling 
the proteoid of wool very much in its general properties; it is known as 
HhrouL The silk-glue is a mucilaginous substance known as serich. 
d'his latter body is yellowish in color, though the intensity of the col- 
oration varies considerably with the nature of the silk. Most Chinese 
and Japanese silks have but a small amount of coloring matter in the 
sericin ; whereas in yellow Italian silk the color of the silk-glue becomes 
a deep yellow. The amount of sericin in raw silk will average about 25 
percent, though this figure will vary within rather narrow limits, de- 
])ending on the variety of the silk fiber; it will probably, however, never 
fall below 22 percent and never rise above 30 percent. The sericin Js 
hard and brittle and quite translucent, but without rnuch luster, its 
pres(‘nce in raw silk causes the fiber to be harsh and stiff, and it is not 
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until the sericin has been removed that the silk fiber exhibits its char- 
acteristic qualities of softness, pliability, and brilliancy. 

According to the analysis given by Richardson, scricin has the fol- 
lowing chemical composition : 


Percent 

Carbon 48.80 

Hydrogen 6.23 

Oxygen 25.97 

Nitrogen i 9-00 

From this composition its formula has been deduced and is given as 
CieHgaNaOg. Other authorities have given analyses of sericin, varying 


somewhat from the above with a corresponding modification of its 
chemical formula. It is hardly probable, however, that sericin is a 
simple chemical substance, but may consist of a number of complex 
bodies, so any chemical formula which may be assigned to it is only a 
temporary expedient, and only represents the relative proportions of its 
component elements. 



Fig. 78. — Schmid Apparatus for Degumming Silk in Foam Bath. 


Sericin is produced in the glands of the silkworm, and is excreted 
simultaneously with the liquid fibroin. There is some uncertainty on 
this point, as some authorities assert that the silkworm has no special 
glands for the secretion of the sericin, but that the worm only se- 
cretes one sort of liquid, and that the sericin is only an alteration 
product of the fibroin produced by the chemical action of the 
air. This view, however, has many points against it, as it would not 
account for the very uniform and even differentiation between the lay- 
ers of fibroin and sericin in the spun cocoon thread. Sericin swells up 
and softens in cold water, and readily dissolves in hot water, from 
which solution it gelatinizes on cooling. It is more readily soluble in 
hot soap solutions and in dilute solutions of caustic alkalies. Strong 
solutions of caustic alkalies may not be employed for the removal of 
sericin, as these also dissolve the fibroin of the silk, especially if applied 
hot ; even weak solutions, though they appear to have no solvent action 
on the fibroin, destroy the luster of the fiber and also discolor it. The 
carbonate alkalies act very much in the same manner as the caustic 
alkalies, though less energetically. Neutral soap solutions, however, 
even when employed at a boiling temperature, do not seem to attack 
the fibroin, while they completely dissolve the sericin, on which account 
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strong soap solutions are almost exclusively employed for the boiling- 
off of silk. 

Pure scricin may be prepared by boiling raw silk in water for sev- 
eral hours, and then precipitating the crude sericin solutions by the 
addition of acetic acid of one percent strength. The separated sericin is 
washed by repeated decantations with water, then treated with cold, and 
finally with boiling alcohol, after which it is extracted with ether. 



I'JG. 70. — Machine for J.)cguniiiiing Silk in Skeins (Klaiidor-Weldon). 


' Like other glue-like substances, sericin is coagulated and rendered 
insoluble in water by a treatment with formaldehyde ; consequently, by 
treating raw silk with this reagent the coating of silk-glue may, to a 
considerable extent, be retained when desirable. 

P>esides sericin, mulberry silk also contains a small amount of fats 
and waxes which arc likewise removed by treatment with soap solu- 
tions. Richardson gives the following composition to mulberry 
Mik: 
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Percent 


0.14 



Sericin 


P'ibroin 


Mineral matter 



Silbcrman gives some analyses which are very similar to the above, 


as follows: 

White Raw Silk Yellow Raw Silk 
Percent Percent 

Fibroin 73--0 72.35 

Scricin 22.28 23.13 

Wax and fat 3-02 2.75 

Salts 1 60 1.60 


These analyses are based on the dried fiber. 

The amount of mineral matter in silk will vary considerably with 
the origin of the silk; in raw mulberry silk it will average about one 
percent, whereas in boiled-off silk it will average about one-half this, 
showing that only a portion of the mineral matter is present in the 
scricin or is removed along with the latter substance. In wild silks the 
amount of mineral matter is much larger than in cultivated mulberry 
silk; in yamamai silk, for instance, it reaches as high as 8 percent. 


3. Natural Coloring Matter in Silk. 

The amount of natural coloring matter to be met with in inulbcrry 
silk is very small, and for most jnirposes may be neglected. The ex- 
ternal laver of sericin ap])ears to contain more coloring matter than the 
boiled-off fibroin, which is usually verv white in color, although the raw- 
silk in the gum may have shown quite a distinct yellow or brownish 
color. The small amount of pigment matter which is to be found in 
silk is of a yellow- color; and, according to Dubois, it is similar in na- 
ture to carotin, a \egetable coloring matter. He succeeded in obtaining 
from it five different bodies, as follows: 

(a) A golden \(‘lIow coloring nKitt< r, soluble in polassiuin (..irboiialc and 
rcprecipitatcd ])y llic addition of .uctic .icid ; 

(b) Crystals which appc.'ir \clIouish red by transmitted light and brown by 

reflected light ; . 1 • r i • 1 

(c) A lemon colored arnorphoii'^ bod>, the alcoholic solnlion of winch on 
evaporation gave granular masses; 

(d) Yellow octahedral irvstals resmnbling sulfur in appearance; 

(c) A dark bluish green' pigment in minute quantities and probably crys- 
talline. 

The different varieties of wild silk nearly all possess a more or 
less pronounced and distinctive color, which is not only present in the 
sericin, but also impregnates the fibroin or fiber jiropcr, so that the silk 
does not come up white on boiling-off. This cokir, in fact, is one of 
the chief drawbacks to the use of tussah silk, as it is furthermore quite 
difficult to remove by bleaching. Tussah silk also contains a consider- 
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able amount of lime compounds, which, by combininjr with the soap and 
forming insoluble products, introduces difficulties in the way of boiling- 
off this silk. In fact, it is usually necessary to remove the lime from 
the fiber before soaping by a preliminary treatment with a dilute solu- 



I'lG. 80. — Degumming Machine for Silk Skeins. 


tion of hydrochloric acid, "J'he amount of lime, together with magnesia, 
which acts in the same manner, present in lussah silk is about one 
percent, while the total amount of mineral matters usually to be found 
in this silk average about 5.5 percent. 

4. Stripping Silk with Soap Solutions. 

The general method employed for the removal of the gum from law 
silk is to boil the fiber in :i rather concentrated solution of a good 
neutral soap. To remove all of the gum the time of boiling has to be 
considerably prolonged, and the boiling-off has to be repeated several 
times in fresh solutions of soap. 

The strength of the soap bath and the number of scouring baths 
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through which the silk is passed will depend upon the amount of silk- 
gum to be removed. In the preparation of the scouring bath sufficient 
water must be used to permit the silk skeins to hang freely and without 
too much crowding so that the material may be readily worked in the 
solution. Experience has shown that lo pounds of silk will require at 
least 10 to 12 gallons (U. S.) of water. The usual strength of the 
scouring bath will contain about 3 pounds of good olive oil soap for this 
amount of water. The temperature of the bath is usually maintained 
somewhat under the actual point of boiling in order to prevent the 
tangling of the silk. At first the silk fiber swells up and becomes sticky, 
but in a short time the gum begins to dissolve and the underlying 
glossy fiber becomes apparent. After the required degree of boiling-off 
has been reached the silk skeins are squeezed and rinsed in water con- 
taining a small quantity of soap, about four ounces, and soda ash, 
about two ounces, per gallon. 

The soap used in the boiling-off of silk should also be carefully 
selected. It is necessary that sucli a soap be free from caustic alkali, as 
even small amounts under such conditions would produce a bad effect 
on the silk, either partially dissolving it or destroying its luster. Soda 
soaps made from olive oil, tallow, or olein are probably the best soaps 
to be used for stripping silk; tallow soap is not as good as the other 
two, for it does not wash out with as much readiness. Cotton-seed oil 
soap is objectionable on account of its liability to leave a bad odor in 
the silk. It is better to use a .soda than a potash soap, principally due to 
the fact that the latter is more liable to contain considerable quantities 
of free caustic alkali. Sometimes small amounts of potassium car- 
bonate are used together with the soap in the stripping bath in order to 
increase the alkalinity of the soap; it is doubtful, however, if this 
practice is a beneficial one. 

Cocoanut oil soap has sometimes been recommended as proper for 
use in the boiling-off of silk; the only point in its favor, however, is that 
it is not decomposed by hard water with the formation of lime soaps. 
Its disadvantages are its alkalinity and the bad smell that is left on the 
goods. The use of an excess of caustic alkali is almost inevitable in the 
preparation of a thoroughly saponified cocoanut oil soap, and this 
makes it unsuitable for the degumming of silk. Tallow soap rinses out 
with more difficulty than either olive oil or olein soap, the latter indeed 
being the best in this respect. Cotton-seed olein is said not to be so 
good, as it is liable to leave an objectionable odor on the goods. In the 
more recent methods of purification of cotton-seed olein, however, this 
objectionable feature has been practically entirely overcome. Though 
theoretically a perfectly neutral soap would seem the best for .stripping 
and boiling-off, it is found in practice that a soap made slightly alkaline 
with potassium carbonate gives on the whole somewhat better results ; 
though in this connection it should be thoroughly understood that any 
alkalinity arising from caustic potash or caustic soda is deleterious to 
the silk, making it dull in appearance and har.sh to the feel. 

In the boiling-off of silk various attempts have been made to replace 
the expensive soap baths with other materials, but the results are never 




155 


BLEACHING 


156 

as good and the quality of the fiber is liable to be injured to an extent 
which will cause more of a loss in value than that gained by the use of 
cheaper materials than soap. For the boiling-off of silk waste in me- 
chanical apparatus it has been found possible to get good results with 
the use of sodium sulfide with the addition of glycerin, grape sugar or 
gelatine (see Zeit. Farben-lnd., 1904, p. 306). 

5. Foam Method of Stripping. 

A rather recently developed process for boiling-ott or degumming 
of silk is that proposed by Schmid, of Basle, in which the soap bath is 
replaced by one of soap foam.^ In this process the silk skeins are hung 
in the upper part of a vessel on rotating arms in such a manner that 
they do not come in contact with the soap liquor in the bottom of the 
vessel, but only with the foam which is constantly rising from the 
liquor.^ It is also claimed that the process may be somewhat shortened 
by the addition of sodium phosphate or acetate to the soap liquor to 
increase its conductivity for the passage of an electric current which is 
sent through it (sec Gcr. Pat. 196, 571). Also, by treatment of the silk 
with formaldehyde the layer of silk-glue may be hardened in any 
desired manner, as for the preparation of ecru or souple silk, so that the 
silk-glue will not be materially removed in subsequent dyeing opera- 
tions.''* The degumming by the foam method has attracted considerable 
attention in Europe, and apparently the process has met with commer- 
cial success.^ Reports on the process indicate that the strength, elas- 
ticity and dyeing properties of the silk are the same as with the old 
process; the silk is completely freed from gum, while the loss in weight 
is somewhat less; the luster and handle arc said to be better, while 
there is less evidence of .splitting of the fiber. 

According to Colombo and Jiaroni, who have compared the foam 
process with that ordinarily used, the following facts may be stated in 
regard to this process: 

(1) The froth method extracts the silk-glue from raw silk as com- 
pletely as the process of a boiling in a soap solution, but the silk loses 
less weight as a small amount of the soap solution remains in the fiber; 

(2) The process is completed more quickly with the foam method; 

(3) The influence of hard water is no greater in the new process 
than in the old one ; 

(4) If the silk has been treated with soaps, fatty substances or 
other agents to facilitate the working of the fiber and subsequently 
conditioned, the foam method is not as efficient ; 

(5) The strength and the elasticity of the fiber and its behavior 
towards weighting and dyeing materials are the same in both processes ; 

(6) The foam method of degumming leaves the fiber in a better 
condition with respect to handle and luster, and the fibers being less 
agitated are in a better condition for subsequent handling. 

* Jahres Berichte, 1906, p. 383. 

* Ger. Pat. 179,229. 

* Ger Pat. 207,133; also Farber-Zeit , 1908, p. 151, and Jahres Berichte, 1909, p. 385. 

^ See Colombo and Baroni, Rev. Gen. Mat. Col., igii, p. 342; Zeit. angew. Chem., 1912, p. 
1544; and Fdrber-Zeit., 1911, p. 493. 
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Accordiii^^ to the Schmid process, raw silk may be simultaneously 
degummed and dyed by treatment with a soap lather containing a dye- 
stuff. The following treatment is recommended : For 100 pounds of 
raw silk, use 58 gallons of water in which 3^2 pounds of soap and, as 
for example, ^2 pound of Rhodamine have been dissolved. The silk 
skeins are suspended or laid in suitable holders in such a manner that 
the liquid in the vessel may not come in contact with them. The soapy 
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dye-ball I is llien healed to tlie boiling point by means of a closed steam 
coil so that the liquor is converted into lather. This rises in the vessel 
and impregnates the skeins of silk, which arc thus subjected to the 
combined action of steam, hot air and the soapy dye lather. The effect 
of this is to soften the sericin or silk-glue so that the dyestuff will com- 
pletely penc ’*ate the silk. The skeins are then removed and washed 
with hot ^val , which will remove the softened silk-glue. Weighting 
substances may also be added during the degumming and dyeing 
] process.® 

6. Defects in Stripping. 

The tangling and fraying of silk threads in the boiling-off operation 
is a defect which should be carefully watched and corrected, as othcr- 
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wise great damage will result. Girard is of the opinion that this defect 
is due to purely mechanical causes, being the natural result of the agi- 
tation produced by the boiling of the soap or by the movement given 
U. S. Pat. 836,464. 
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to the material in the bath. This unfavorable effect is js^reatly a^efra- 
vated by the following circumstances : At the beginning of the boiling- 
off operation the silk-glue begins to swell and soften before it dissolves. 
At this time the filaments of the silk fiber proper are enveloped in a 
viscous mass, in which they slip with surprising facility. The slightest 
movement, whether of the solution or of the fiber, is sufficient to change 
the relative positions of the filaments. If the material is in the form of 
loose hanks or skeins, the danger is really less, because the tangling of 
the threads, if not too bad, can usually be corrected by suitable handling 
and manipulation, but in loose fabrics this displacement of the threads 
often causes a fraying which in net fabrics, such as tulle and lace, is 
often incurable. ^ This pasty condition of the silk-glue lasts but a short 
time, and then it liquefies and becomes entirely dissolved. The silk 
filaments then come in contact with one another, and in this condition 
it is very difficult to displace them. 

7. Ecru Silk. 

£cru silk is simply scoured in a weak soap solution, and the en- 
deavor is principally to remove only the small amount of fatty and 
waxy matters present in the silk without any appreciable loss of sericin. 
so that the silk may afterwards be dyed. The loss is weight in silk of 
this character is about 2 to 5 percent, ficru silk resembles raw silk 
very much in appearance and feel; it is dyed just after scouring, so 
that the gum may not harden again before the dyestuff has a chance 
to penetrate into the fiber, ficru silk is largely employed for warps, 
as it stands the friction of the shuttle well on account of its harsh 
nature. 

vSilk is sometimes scoured when in the ])icce ; that is, the yarn may 
only be souplcd slightly, as in the preparation of ecru silk, and woven 
into the piece. This is more especially the case with satins, where a 
mixture of silk and cotton yarns is used. The methods of scouring 
such silk are the same as for yarn. 

Since ecru or hard silk still contains most of the silk-glue, it will 
also still have practically all of the natural coloring matter which has 
already been stated as being contained almost entirely in the gum. In 
order to bleach this kind of silk for white or for the dyeing of bright 
colors it is sulfured. Owing to the character of this bleach the color 
is very liable to return after a time. A process for the preparation of 
white ecru silk from the raw yellow silk is to wash in a cold soap bath, 
rinse, sulfur twice, bleach in aqua regia, rinse, treat in a bath of dilute 
solution of .soda ash, then wash again in a weak cold soap bath, rinse, 
sulfur twice again, and finally rinse. 

Hurst gives the following processes for ecru silk: 

fa) Washing in cold water; 

fb) Washing in a 10 percent solution of soap at 80 to 00° F. ; 

fc) vSulfuring; 

fd) Bleaching with aqua regia; 

fe) Washing; 

(f) Sulfuring. 
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For a very white ecru silk the following operations are recommended : 

(a) Cold 10 percent soap solution; 

(b) Washing; 

(c) Sulfuring; 

(d) Bleaching; 

(e) Washing; 

(f) Soaping with 10 percent soap solution at 80 to 90° F.; 

(g) Sulfuring; 

Oi) Washing; 

(i) Cold soda ash solution (1% percent) ; 

(j) Warm soap solution (3 percent) ; 

(k) Washing; 

( l ) Sulfuring; 

(m) Washing. 

If the silk is to be dyed in dark colors or black the bleaching and suF 
furing operations may be omitted. 
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For ecru silk from raw yellow silk, Knecht gives the following 
process : Boil-out twice with hot water, stove twice in the sulfur cham- 
ber, wash and stove again two or three times. If the silk is intended for 
white the following further treatments will he necessary: Wash cold 
with soap (i pound of soap to 10 pounds of silk), rinse, stove twice, 
bleach with aqua regia or nitrose (nitrosyl-sulfuric acid), rinse, treat 
in weak soda (2 ounces of soda to 10 pounds of silk), turn in a soap 
bath (4 ounces of soap to 10 pounds of silk), stove twice, and rinse in 
either pure water or in water slightly acidulated with sulfuric acid. 

In order to prevent the removal of too much silk-gum from ecru 
silk it has been suggested to treat the fiber with a solution of formalde- 
hyde ( % to percent) for several hours, and then pass through a bath 
of dilute ammonia in order to remove traces of formaldehyde. The 
scricin layer of silk that is thus treated is said to be insoluble in the 
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ordinary dilute acid, alkaline and soap baths, and furthermore the fiber 
is much strengthened by the treatment. This process is that of Ris- 
Kumnier ® and is said to be fairly successful. It depends on the action 
of the formaldehyde making the silk-glue insoluble in the same manner 
as formaldehyde reacts with gelatine. The advantage of this reaction 
may also be taken in other ways in the treatment of silk. One example 
of this is to use the process to restore some of the weight lost in the 
process of boiling-off which gives a greater luster to the finished article 
than would be possible if only part of the gum were removed. It may 
furthermore be remarked that gelatine in this connection is somewhat 
cheaper than silk-glue. The process consists in steeping the silk for an 
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hour in a bath containing 20 grams of gelatine per liter at 100 to 
120° F., squeezing, gently drying, and then steeping in a bath contain- 
ing 20 c.c. of formaldehyde per liter. The gelatine is absorbed by the 
silk in the first bath, and this is later rendered insoluble in the second 
bath. The treated silk is stiffer than the untreated silk but is fairly 
brilliant. This process does not interfere with the subsequent dyeing 
of the silk, which may take place with either basic or acid dyestuffs in 
the same manner as if the silk had not been treated. The amount of 
weighting and the stiffness of the finished goods may easily be re^i- 
lated by using weak or strong solutions of gckitinc. In this connection 
it should be noted that only the clearest and purest gelatine should be 
used for this purpose if the best results are to be obtained. There are 
some silk fabrics, such as crepe, which are not boiled-off before dyeing. 


• Brit . Pat . 15,152 of 1895. 
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and if it is desired to keep as much of the original gum as possible, this 
method of Ris-Kummer may be used. Sarcenet silks could also be 
treated with formaldehyde in the same manner with advantage. Veil 
silks and net silks may also be treated in this manner to give a stiff 
waterproof finish. 

8. Soupled Silk. 

In the soupling of silk the raw silk loses from 5 to 10 percent in 
weight, while the fiber becomes softened sufficiently for purposes of 
weaving. The raw silk is treated in a weak bath of soda ash and then 
in a bath containing 4 percent of tartar, i percent of sulfuric acid and 
15 percent of aqueous sulfurous acid (on the weight of the silk), the 
temperature of the bath being from 140 to 180° F. The silk is then 
rinsed, first in warm and then in cold water, until quite free from acid. 
Silk may also be soupled by treatment in a 10 percent soap bath for i 
to 2 hours at a temperature of 80° F. 

According to Hurst, the soupling of silk implies four operations : 

(a) Scouring, the object of which is to remove the grease and a 
part of the gum. The silk is treated for 1 to 2 hours in a bath 
of 10 percent of soap at a temperature of 85 to 95° F. ; it is 
then squeezed and rinsed; 

(b) Bleaching, which is done with a mixture of i part of nitric 
acid and 5 parts of hydrochloric acid and diluted with water 
to 5 to 6'' Tw. (usually i part of mixed acid to 15 parts of 
water is used). The silk is steeped in this acid bath for 15 
minutes and is then well washed and squeezed; 

(c) Suljuring, which is done in the same manner as practised in 
the bleaching of wool. After this process the fiber will have 
a harsh feel wTich is removed by softening: 

(d) Softening, for wdiich jnirposc the silk is boiled in a weak bath 
of cream of tartar pound to 10 .gallons of water) for 
I to ijT hours, then scpieezed and dried. Just how the tartar 
acts is not knowm, and other bodies such as Epsom salts and 
glauber salt have been tried wu’th some success, but the results 
arc not as good as with tartar. 

Soupled silk is not as strong as boiled-off silk, notwithstanding the 
fact that less gum is removed. It is used principally for filling yarn. 
It may be dyed in acid baths without any special precautions, but if 
dyed in soap baths the temperature should be kept down below 140° F. 
as at higher temperatures some of the silk-gum will be removed and the 
silk will suffer a loss in weight. If soupled silk i.s to be used for dyeing 
in black or dark colors the bleaching and sulfuring operations may be 
omitted, in which case the silk is simply scoured with soap and then 
soupled with tartar. 

Soupled silk, also known as mi-cuite or mczzo-cotio, is fuller and 
more voluminous in fiber than the boiled-off silk. On this account it is 
particularly serviceable as filling yarn for fabrics where it does not 
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show on the face side. It is not so much used as a warp thread on 
account of its lack of elasticity. As it is highly absorbent of tannins 
and metallic salts it may readily be heavily weighted, owing to the 
presence of the chemically active silk-gum and the comparatively large 
volume of porous fiber. 

g. Boiled-off Silk. 

This is also known as cuite, and is fully scoured silk, practically all 
of the silk-gum having been removed. In this process the silk loses 
from 25 to 30 percent in weight. Usually two baths are employed for 
the complete boiling-olT of silk, the first containing 30 to 35 percent 
of soap (on the weiglit of the silk), and the second about one half of 
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this quantity. The amount of water used in the scouring bath is about 
10 times the weight of the silk ; a 100 pound lot of silk will require a 
bath of about 120 gallons of water and 35 pounds of olive oil soap. 
The temperature should be kept at 195 to 205° F. The soap baths 
should be used just at the boil, though not actually bubbling, and the 
time of treatment is from i to 3 hours. Only the purest variety of 
olive oil neutral soaps should be used for the preparation of the scour- 
ing bath. If the silk is in the form of skeins these are often placed in 
linen bags in order to prevent tangling. In boiling-ofif, white Japan 
grege will lose about 17 percent in weight, while yellow China organzine 
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will lose about 27 percent. Immediately after scouring the silk should 
be rinsed free from soap. After boiling-off, the silk is washed first in 
water containing a small amount of soap and soda ash, and finally in 
fresh water. The use of the first rinse in an alkaline water is princi- 
pally for the purpose of preventing any of the soap from being precipi- 
tated in the silk. If allowed to stand for any length of time before 
rinsing, the soap residues are liable to dry into the fiber and they then 
become very difficult to remove properly, and this will subsequently give 
great trouble in dyeing and finishing. For the complete removal of the 
silk-gum from the fiber it is generally necessary to boil-off in three 
soap baths. Usually these baths are employed in rotation for different 
lots of silk. On a basis for a bath for 10 pounds of silk, the first scour- 
ing liquors should contain about 2^2 to 3J4 pounds of soap, the second 
bath about pounds, and the third bath about i pound. After using 
the last soap bath once, pound of soap is added and then the liquor 
is used as the second bath ; and in the same way, after the second bath 
has been used there is added i pound more of soap, and the liquor is 
then used for the first bath. This method of operation not only econo- 
mizes soap but also gives better results. A soap bath may be employed 
in this manner about three times, but the last scouring solution should 
always be a freshly prepared one to thoroughly cleanse the fiber. 

10. Various Methods of Degumming. 

A process of degumming silk by means of steaming is described by 
Hurst as follows : The skeins of silk are hung on wooden rods in a 30 
percent soap Uth at a temperature of 150° F. and are worked in this 
solution until ti'r*roughly impregnated with the soap liquor. The skeins 
are then hung in a large box which can be closed hermetically and are 
steamed therein for 20 to 30 minutes at a pressure of 7 to 8 pounds. 
Silk-gum under this treatment dissolves and runs off the silk into a 
cavity at the bottom of the steaming box. The silk is next boiled in a 
weak -soap bath for 20 minutes to remove any residual silk-gum, after 
which it is well washed in soda, squeezed and dried. It is doubtful if 
this process, however, is of practical value as the color and luster of the 
silk are liable to be affected by the steaming and saturating with the 
soap liquor. 

According to the Badische Co.^ silk, also silk-cotton or silk-wool 
fabrics, may be degummed by treatment with a caustic soda solution 
containing glycerin or grape sugar. It is claimed that the strength and 
elasticity of silk degummed in this manner shows no greater loss than 
with the ordinary soap process ; the fiber, however, is not as white and 
lustrous, but is sufficiently so for silk-wool fabrics, or for material 
which is to be dyed.® The Bayer Co. also recommends the use of 
caustic soda solution of 36° Be. with the addition of glycerin for in- 
creasing the strength of the silk and its affinity for dyestuffs.® 

Silk is sometimes weighted in the gum, and in this form usually 
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gives considerable trouble in the boiling-off. The metallic compounds 
employed as weighting materials combine with the soap and give highly 
insoluble metallic soaps, which are deposited within the fiber and are 
extremely difficult to remove. The presence of these bodies gives the 
fiber a sticky feel and dulls the luster. Before boiling-off silk of this 
character it should first be soaked in water and then steeped in a warm 
bath (100 to 120° F.) of dilute hydrochloric acid (i part of acid and i 
part of water) which will dissolve out a considerable part of the min- 
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eral matter. After steeping in the acid bath for 2 hours the silk is 
well rinsed in fresh water and is then ready to be boiled-off in the usual 

manner. . ,, , . 

It has also been stated that many silks contain a small amount ot 
lime in the layer of silk-glue, and in the proper treatment of such raw 
silk for boiling-off it is first necessary to steep for a short time in a di- 
lute solution of hydrochloric acid in order to dissolve out the lime, after 
which the goods are thoroughly washed and then treated in a bath of 
dilute soda ash solution for the purpose of completely neutralizing all 
excess of the acid. This, however, appears to be a rather dangerous 
treatment, for if any residues of hydrochloric acid are left by any 
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chance in the silk, it will without doubt produce a rotting of the fiber. 

According to Stirm the preparation of completely boiled-off silk 
(meaning fiber from which all the silk-glue has been removed) in- 
volves two operations: (i) A degumming process in hot (210° F.) 
soap baths, and (2) boiling-off or purging. Between the two opera- 
tions the silk skeins arc frequently stretched, since the degumming 
process tends to crinkle up the fiber, which by proper stretching is suit- 
ably lengthened out and given an improved luster. For the boiling-off 
or purging process the silk skeins are carefully bundled together in 
hemp or linen sacks, and, according to the quality of the fiber, boiled 
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for y2 to 3 hours with a solution containing 12 to 15 percent of soap 
(on the weight of the silk). The goods are then rinsed, first with a 
dilute solution of soda ash and then in fresh water; then hydro-ex- 
tracted or squeezed and dried. The boiling-off soap bath, after being 
freshened with additional quantities of soap (it being customary to 
raise the strength to about 30 percent on the weight of the silk) is used 
for degumming. According to the origin and quality of the raw silk 
it will lose in degumming 15 to 20 percent in weight, and in the boil-off* 
an additional 4 to 8 percent, making the total loss 20 to 25 percent, or 
at times even a little more.^^ 

II. Microscopy of Raw and Boiled-off Silk Fibers. 

I'hc microscopical appearance of raw silk in the gum and com- 
pletely boiled-off silk is quite different. In the former case the fibers 
appear mostly as pairs (the double cocoon filament) cemented together 
with the silk-glue ; also irregular shreds of the glue will be seen adher- 
ing to the fibers, and peculiar cross-marks will be seen where one set of 
fibers has crossed over another and left an impression imbedded in the 

Die Gespinstfasetn, p. 227. 

“ For tables showing the loss of different silks on degumniing, see Silbermann, Die Seide 
vol. 2 , p. 249. 
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layer of silk-glue. In the boiled-off silk the fibers appear as single 
isolated filaments and there is little or no evidence of shreds of silk- 
glue. The fibers appear as smooth structureless rods of a glassy 
nature. Sometimes fine hair-like fibrillar are to be seen resulting from 
a splitting of the main fiber, and at times the otherwise rounded fiber 
shows flattened places due to the imprint left by the crossing of another 
fiber when in the gum. 

12. Degumjning of Piece Goods. 

Though silk is nearly always degummed in the form of skein yarn, 
there are sometimes occasions when silk in the gum is employed for 
weaving, and the degumming operation takes place in the piece. The 
process is practically the same as that used for the degumming of skein 
yarn, except suitable machines must be employed for handling the 
pieces. The usual form of washer provided with a revolving winch is 
a good apparatus for this purpose ; also a suitable jigger may be used. 



Fabrics containing wool and silk yarns frequently require a degum- 
ming of the silk. .Such goods arc generally singed, crabbed, steamed 
and then degummed in a bath of soap and soda ash, using a jigger as 
the machine in order to avoid creases and folds. When soda is used in 
the bath the temperature should not be run over 140 to 150° F. or the 
wool will be seriously injured. If soap only is used, a higher tempera- 
ture may be employed, though as low a temperature as possible is to 
be recommended if all injury to the wool is to be avoided. Another 
process for degumming the silk in fabrics containing wool and silk is 
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to treat first the material with dilute hydrochloric acid, then wash and 
treat with a soap liquor for several hours at 180° F., after which the 
goods are rinsed, soaped slightly again and steamed. 

Fabrics containing cotton and silk yarns, such as satins, etc., may be 
degummed in practically the same manner as those consisting of pure 
silk, as the soap and alkali have no bad effect on the cotton liber even 
at a boiling temperature. Sometimes fabrics for dyeing are made 
from yarns of cotton and silk in the gum and these goods are first 
weighted by treating with tannin and then with stannic chloride. The 
pieces are then boiled-off in a soap bath. By this treatment the silk is 
weighted, and at the same time the cotton is mordanted for dyeing with 
the basic colors. 

13. Boiling-off Sill? Waste. 

The waste accumulating in silk throwing and known as throwsters' 
waste consists of silk in the gum. This is used for the preparation of 
spun silk, but has first to be boiled-off to render it suitable for spinning. 
A large quantity of waste from silk-reeling is also employed in the 
same manner, and must be subjected to a similar boiling-off process. 
The silk waste is first well opened up so as to permit of easy penetra- 
tion of the liquor and is then put into strong bags of net with a com- 
paratively large open mesh ; each bag holds about three-quarters pound 
of silk and must be packed quite loosely as the silk swells up. The 
boiling-out vats arc of wood, about 6 feet in depth and 4 to 5 feet in 
diameter, provided with perforated false bottoms under which is placed 
a closed steam coil. About 2 feet of soft water is run into the vat and 
then 10 to 15 pounds of white olive oil curd soap in fine shavings are 
boiled up until fhoroughly dissolved, when the temperature is lowered 
to 180° F. The bags of silk waste are then placed in this soap bath, 
at first being pushed under the liquor with a pole until they become 
thoroughly wet-out when they will sink. If the silk wastes are very 
dusty and dirty it is a very good practice to give a preliminary wash- 
ing, before the first bath, in a bath of warm water containing a little 
ammonia, as this clears off the grease and dirt and gives the silk a 
good white color. The liquor should then just cover the silk, and the 
steam is turned on, and the material boiled gently. Violent boiling 
must be avoided as it injures the silk. As the boiling proceeds the bags 
are constantly turned over in order that the silk may be evenly freed 
from the gum. After boiling for two hours, the liquor is run off and 
the silk is hydro-extracted. If time is no consideration, the silk in- 
stead of being put into bags is placed loose into the first bath and kept 
there without movement for 6 to 10 hours at 180“ F. so that the gum 
becomes suitably softened. The silk is then squeezed out and put into 
the second bath and given the usual boiling. A second boiling is then 
given in a second vat prepared as before, after which the silk is again 
hydro-extracted. Should a very white color be desired on the silk, a 
very small quantity of blue tint may be added to the second bath, which 
will neutralize the natural creamy shade of the silk. The bags are then 
opened and the loose silk is rinsed in clean water at 180° F. After 



i68 BLEACHING ' 

hydro-extracting, the loose silk is well opened up and then dried in a 
suitable drying machine. 

Pentecost’^ states that much of the spun silk prepared from waste 
silk is tinted before being spun with blue or other coloring matter. It 
may also be weighted with sugar or other bodies, both for the purpose 
of fraudulently increasing the apparent weight of the fiber and also to 
give the thread more body. Under such circumstances, it must be 
borne in mind that although spun silk has aheady been degummed in 
the loose state previous to being spun, nevertheless the spun yarn may 
still contain extraneous matters whicli it may be desirable to remove 
in the process of manufacture, and this may be done cither in the state 
of skein yarn or in the form of the woven fabric. If these added ma- 
terials arc not first removed difficulties and defects may be experienced 



in the (heing or btcaeliiiis' of the s[)un silk. It is tlierefore recom- 
mended that' all spun silk "be tested before dyeing or blcacbing to de- 
termine if it is pure or not. This may easily be done by scourmg a 
small skein of the silk in a warm dilute soap solution and observing if 
any material is removed from the silk, it will often be found that 
considerable glue or other bodies are eliminated in this manner and 
that consequently it will he desirable to properly scour the entire lot of 
silk The scouring is easily conducted by using a hot soap bath pre- 
pared with 2 to 4 ounces of good olive oil soap per gallon and running 
at a temperature of i6o to 200 ° F. for one-half to one hour. When 
unevenness in dyeing or bleaching is observed in the case of spun silk 
the first observation to be made should be that of the original silk yarn 
to see if there is any contamination with loading or stiffening agents 
which are subsequently removed by a scouring operation. 

Jour. Soc. Chem. Ind., 1893, p 327* 
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14. The Scouring of Tussah Silk. 

Tussali silk, and wild silk in general, is more difficult to scour than 
ordinary silk. This is due to the fact that the fiber contains much more 
mineral matter, and the gum is harsher and more resistant to the action 
of soap solutions. For general purposes, however, the usual method 
of scouring ordinary silk is practiced, only the scouring is repeated and 
prolonged sufficiently to give the desired results. The sericin in the 
case of tussah silk not only surrounds the fiber externally, but more or 
less impregnates it. On this account the sericin is not completely re- 
moved by boiling soap solutions alone, but the addition of some soda 
ash, or even caustic soda, is required. On account of the large quantity 
of brown coloring matter removed from the fiber in the degumming 
of tussah silk, the boiled-off liquor cannot be used for general purposes 
of dyeing, as is the case with ordinarv silk. The cheapest method of 
degumming tussah silk is to treat with a solution containing 8 to 10 
percent of soda ash at a temperature near the boiling point. This bath 
is then followed by one containing 10 to 15 percent of soap. 

For the scouring or discharging of tussah silk. Feltzer recommends 
the use of a cocoanut-oil benzene soap (KokoS“I)enzoa])). This soap 
contains about 10 percent of benzene, and possesses great emulsifying 
powers, readily dissolving the gums, resins, oil and sericin present in 
the silk. The bath is prepared with 10 parts of the soap to 100 parts 
of soft water at 120° F. When the soap has dissolved, 2 to 5 parts of 
sodium perborate arc dissolved in the solution without raising the tem- 
perature. The tussah silk is brought into this bath which is then slowly 
heated up luitil a permanent lather is produced. The process requires 
3 to q hours for the removal of the gum. The bath can be employed 
twice for scoui Ing and may then be used as a soap bath for dyeing. 

Pentecost gives the following restdts of experiments made on 
reeled tussah silk to determine the best scouring agent to use in strip- 
ping and boiling-off : 

(t) Stripped Yi hour and boiled i hour in Y\ ounce of soda ash 
to I pint of water ; 

(2) Treated in a similar manner with a solution containing ^ 
ounce of soda ash and ounce of soap to t pint of water; 

(3) Treated in a similar manner with a solution containing Y^ 
ounce of caustic soda to t ])int of water; 

(4) Steeped for 12 hours in a solution containing 3 pints of water, 
Y2 ounce of soap, 3 c.c. of ammonia water, and i c.c. of turpentine. 

ddie samples treated as in (4) looked the cleanest and best, while 
(3) showed a better color than cither (i) or (2), but was not quite 
as lusti-ous. On bleaching these four samples, however, with hydrogen 
peroxide it was found that (4) did not bleach well, the turpentine evi- 
dently interfering with the result; (i), (2), and (3) bleached up very 
much alike in color, though (3) was not quite as lustrous. 

Stead recommends the following method for the boiling-off of 
tussah silk: For too pounds of the silk, use a bath containing 230 
gallons of water, 5 pounds of potassium carbonate and 20 pounds of a 

” Jour. Soc. Chem. Ivd., 1893, p 330. 
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good neutral soap, although a slight trace of alkali is not objectionable. 
The silk is entered at a temperature of 90° F. and given several turns ; 
the temperature is then gradually raised to 200° F. for 30 minutes. 
The skeins are then lifted and passed into a second bath similar to the 
first and given a further treatment for 30 minutes, after which a thor- 
ough washing with warm water is given in order to remove all traces 
of soap. The silk is then soured in a solution of hydrochloric acid at 
Tw. for 15 minutes at a temperature of 85° F., after which a final 
washing is given to remove all traces of acid. 

According to Silbermann, the coarser varieties of tussah silk are 
first rinsed in a weak solution of soda ash, then treated for one-half 



hour at 105° F., in a bath containing 5 percent of soda ash; the bath 
is drawn off and the silk is entered into a fresh bath containing 30 
percent of soda ash at 105° F. and the temperature is gradually raised 
to about 200° F. and continued at that temperature for one hour. The 
silk is then rinsed in fresh water and brightened in a bath containing 
10 percent of hydrochloric acid for 10 minutes. Finer qualities of tus- 
sah silk are scoured at 140° F. in a bath containing 10 to 15 percent 
of soda ash and then boiled-off in a bath of 205° F. containing 30 per- 
cent of soap, and finally rinsed well and soured as above. It is also 
said that good results are obtained by degumming in a bath at 140° F. 
for one-half hour containing 6 to 8 percent of caustic soda. 

15. Boiled-off Liquor. 

When soap solutions have been used several times for scouring 
successive lots of silk they become so charged with silk-glue as to be 
no longer available for scouring purposes. Such a solution is known 
under the name of “boiled-off liquor, and is preserved for use in the 
preparation of dye-baths for the dyeing of silk, for which purpose the 
amount of boiled-off liquor is about one-tenth to one-third the total 
amount of the dye-bath. 

Boiled-off liquor has a light brown color and is rather glary in 
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appearance on account of the large proportion of soap it contains It 
usually has a gravity of iVo to 2° Tw Jt “ 

solid matter ner anllnr. f u • u 1 contains about 3 ounccs of 

solid matter per gallon of which about 2 ounces are soap. 

Sometimes boiled-off liquors are not preserved hut • 1 
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One of the principal methods of recovering by-products from boiled- 
off liquors is^ to precipitate the soap by the addition of sufficient lime 
water. Ihc insoluble lime soap is filtered off and is then decomposed 
by treatment with hydrochloric acid and boiling so that the free fatty 
acid is liberated. This floats on the top of the liquor, and is collected, 
purified, and used again in the manufacture of soap. In this process 
the alkali and the silk-glue arc run to waste. As there does not seem 
to be any technical use for silk-glue, no attempt as yet has been made 
to recover it on a commercial scale. 

16. Influence of Water in Silk Scouring. 

The character of the water employed for the preparation of the soap 
liaths has much to do with success in the boiling-off of silk; if hard 
water is used, insoluble soaps will be formed which will stick to the 
silk fiber and which are very difficult to satisfactorily remove. Such 
water should always be properly softened by treatment with alkalies, so 
as to remove all of the lime and magnesia compounds, and then filtered. 

As silk is such a high-priced material every care should be taken to 
preserve its valuable qualities to the utmost ; on this account only very 
soft water should be employed in scouring, washing and dyeing this 
usual water obtained from natural sources, as a rule, is not 
sufficiently soft for use with silk, and consequently a suitable softening 
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process for Ihc water should always be used. Of late years the method 
of softening water by the Zeolite treatment, as in the Permutit and 
Refinite systems, has been largely used by silk mills, as by this method 
a water of zero hardness can readily be obtained and the quality of the 
silk can be much enhanced.^^ 

17. Apparatus Used in Scouring Silk. 

Silk is stripped or degummed mostly in the form of skein yarn, for 
which purpose specially constructed machines are used so that single 
skeins of silk are held on rotating porcelain arms in the scouring bath. 
Woven silk fabrics arc very seldom degummed, though half-silk of 
cither silk-cotton or silk-wool is frecjiiently scoured. 

The vats employed for the boiling-ofT of silk are generally rectangu- 
lar wooden tubs, lined on the inside with canvas to prevent the delicate 
silk fibers from catching on the roughened surface of the wood. Actual 
boiling of the solution should be avoided, as this would tend to entangle 
the silk threads, which, in the case of fine counts of silk, is a serious 
matter. The hanks of silk arc suspended on smooth wooden sticks and 
thus suspended in the hot soap solution, in which they are left for i to 2 
hours, being turned by hand from time to time. Sometimes slicks are 
used which are coated with enamel so as to be smooth and clean ; or 
thick glass rods may be used, though these are very liable to be broken 
and in consequence are quite costly. 

Where all of the silk-glue is removed from the fiber and the pure 
fibroin alone is left, the individual silk filaments become separated from 
one another, and unless certain precautions arc taken in the handling of 
the hanks of yarn, the threads become seriously entangled. This is 
usually prevented by enclosing the hanks of yam in linen bags, and 
then boiling in the soap solution until all of the gum has been removed. 
When the silk skeins are placed in cloth bags or “pockets” these are 
simply packed into the scouring vat and boiled in the soap-liquors. 
Under the circumstances much less liquor is required per pound of silk 
(about 4 gallons per 10 pounds of silk is usually the requisite amount). 
In case of silk twisted into heavy counts, such as embroidery silk, this 
method of handling will not be necessary. Machines in which the silk 
skeins are kept in a stretched condition are also used for the complete 
scouring of silk to prevent the entanglement of the fibers. The rotary 
Klauder-Weldon machines are very .suitable for this purpose, and arc 
largely u.sed by silk dyers and scourers in this country. By the use of 
such a machine, the time of handling the material necessitated by tying 
it up separately in small liner, bags is much shortened. 

When boiling-off small lots of silk, copper tanks arc mostly used. 
Care should be taken in this ca.se to avoid metallic stains from the 
verdigris that is likely to form on the copper surface by the combined 
action of the soap liquor and the air. By keeping the vats clean, how- 
ever, there is little danger of stains arising on the silk. 

The scouring vats should be heated with a closed steam coil, for the 
use of a perforated steam pipe and the con.sequcnt blowing of live steam 

** See page 47 for descriptions of water softening apparatus. 
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throuji^h the liquid will tangle the fine silk threads; furthermore, the 
introduction of live steam into the bath will seriously dilute it with 
the water of condensation, and this is not at all desirable as the baths 
arc nearly always used as standing kettles. 

Special forms of apparatus are used where the foam method of 
boiling-off is employed, as in this case the silk skeins do not come in 
contact with the liquor at all, hut simply with the foam from the liquor. 



Chapter X. 

Bleaching of Silk. 

1. General Considerations. 

The silk fiber, being very similar in its chemical properties to wool, 
is bleached in much the same manner; that is, by the use of sulfurou> 
acid or with sodium peroxide. In the case of >elIow-gum silk, where 
it is desirable to preserve a considerable amount of the gum, the bleach- 
ing is frequently preceded by a treatment with nitric acid which has for 
its purpose the destruction of the yellow coloring matter in the gum. 
Yellow-gum silk is bleached with aqua regia of 3° Be. before soupling, 
and is then sulfured. White-gum silk requires sulfuring only, or tlie 
yellow tone may be corrected by tinting with Methyl Violet. Yellow- 
gum silk will bleach up as white as the other silk, for it must he borne 
in mind that the yellow color of such silk is in the gum and not in the 
fiber itself. A great deal of the best Italian silk has a yellow gum. 
When this is removed by proper boiling-off, the silk fiber proper is left 
in a fine white condition. But when all of the gum is not removed, 
as in the case of ecru or soupled silk, it may become necessary to bleach 
out the yellow color from the gum as described above. 

2. Bleaching Silk by Means of Aqua Regia. 

This method is seldom employed for the bleaching of boiled-off 
white silk, but only as a preliminary treatment to the bleaching of 
yellow-gum silk where the after-bleaching is to take place with the use 
of sulfurous acid. The method is carrieil out in the following manner : 
The yellow silk is first softened and cleaned by working for about one 
hour in a warm bath consisting of a ten percent soap solution. It is 
then well washed to remove all trace of soap and is immersed in a bath 
of aqua regia standing at 3 to 4° Tw. The aqua regia is made by rnix- 
ing five parts of commercial hydrochloric acid witli one part of nitric 
acid, and allowing to stand for 4 to 5 days at 75° F. The silk is steeped 
in this acid bath until it turns greenish, after which it is taken out, well 
washed, treated with sulfurous acid and soupled. 

When bleaching silk with aqua regia or with nitrosyl-sulfuric acid 
the bath must be made up in a stoneware tank on account of the cor- 
rosive nature of the acid. Care must be taken not to steep the silk in 
the acid liquor for too prolonged a time as it may acquire a permanent 
yellowish tint from the action of the nitric acid on the fiber. 

Instead of using aqua regia, a nitrosyl-sulfuric acid may be em- 
ployed prepared from the chamber crystals occurring in the lead cham- 

174’ 
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bers in the manufacture of sulfuric acid. This substance is sometimes 
called '‘nitrose” by the dyer. The acid bath is used at a strength of 
4° Tw. and the silk is immersed in it for 10 to 15 minutes. If the acid 
treatment is too long the silk will acquire a yellow tint which cannot 
subsequently be removed. After steeping in this acid bath, the silk is 
well washed and sulfured, and soupled as before. The nitrosyl-sulfuric 
acid solution may also be prepared by using a 10 percent solution of 
sodium nitrite strongly acidified with sulfuric acid. 



1m(.. 9 J.-- Cloth Centrifuge for Silk Pieces. 

It has also been suggested to bleach silk with a bath containing 5 
percent of sulfuric acid and i percent of sodium nitrate. The silk 
must be thoroughly rinsed immediately after leaving this bath or it will 
be spotty. 

According to Knecht, yellow silk is best bleached by means of 
nitrous acid (sodium nitrite and hydrochloric acid) but no details of 
the process are given. In the opinion of the present author this is an 
erroneous statement as nitrous acid causes a diazotization of silk and 
has no bleaching efifect on the fiber. 

3. Bleaching Silk with Sulfurous Acid. 

The principle of this method is the reduction of the coloring matter 
with the sulfurous acid, which may be employed in cither the form of 
sulfur dioxide gas or as a solution of sulfur dioxide or sodium bisulfite 
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in water. The method of treatment is very simple ; the silk, after boil- 
ing-off or soupling, is hung up in a suitable chamber where it may be 
exposed for 4 to 6 hours to the action of the fumes of burning sulfur, 
in case of the gas bleach, or steeped in a solution of sodium bisulfite, 
in case of the liquid bleach. About J/. pound of sulfur is required to be 
burned per 1000 cubic feet of space in the bleaching chamber when the 
gas method is employed. This will usually result in the use of 5 pounds 
of sulfur for 100 pounds of silk. 

As with wool, the sulfurous acid bleach on silk is not a permanent 
one, for the yellow color returns after some time. This is probably 
due to tbe rc-oxidation of tbe reduced coloring matter with the result 



that the original pigment is formed again. The sulfur bleach on silk 
is also destroyed to a greater or less extent by an after-treatment with 
soap or alkaline baths, so that this method of bleaching is of little use 
for silk which is to be dyed subsec|uent!y in light colors where a soap 
is used. On account of its cheapness, however, the sulfur bleach is 
still largely employed for silk. The use of sulfur dioxide gas, in the 
case of silk, is much more efficient as a bleaching agent than solutions of 
sulfurous acid or of sodium bisulfite, on which account the latter are 
very seldom employed in connection with silk, though considerably 
used for the bleaching of wool. 

4. Use of Sodium Hydrosulfite. 

Sodium hydrosulfitc may be used for the bleaching of silk. The 
solution is prepared in the manner already described in previous pages 
under the bleaching of wool. The soupled silk is steeped in the solution 
for six hours, and then well wrung out and immediately washed. If 
the washing is delayed too long the silk will heat up and become injured 
in luster and strength. After washing, the silk should be run through 
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a bath of dilute hydrochloric acid in order to remove all traces of zinc 
compounds, otherwise yellow stains are liable to develop. After the 
acid bath the silk is finally well washed in water. 

5. Bleaching Silk with Peroxides. 

Hydrogen peroxide has been used for a number of years for the 
bleaching of silk, but it is now giving place to the cheaper sodium 
peroxide. The principle of the bleaching action depends on the oxida- 
tion of the coloring matter by means of tlie solution of hydrogen 
peroxide employed. Whether hydrogen peroxide itself is originally 
employed or solutions of sodium peroxide makes no diflFerence in the 
essential action from a chemical point of view, for the solution of 
sodium peroxide also gives hydrogen peroxide, so the same agent acts 
in either case. The bleach obtained in this manner is one of oxidation, 
and leads to the ultimate destruction of the coloring matter, so that 



this bleach is a permanent one, and therein is better than the sulfur 
bleach. 

Solutions of hydrogen peroxide may be employed either cold or 
hot for the bleaching of silk. In the former case, the bath is prepared 
by diluting a quantity of 12-volume solution of hydrogen peroxide with 
three times its volume of cold water, and adding sufficient ammonia to 
cause the liquid to smell of it distinctly. The bleaching bath may be 
prepared as follows: for 100 pounds of silk use a bath containing 130 
gallons of water, 25 gallons of hydrogen peroxide, 12 pounds of sodium 
silicate and 12 pounds of soap dissolved in water. Immerse the silk 
completely and use the bath at 130° F. After the silk is bleached sour 
with weak sulfuric acid and then rinse thoroughly to remove all the 
acid. Instead of ammonia, borax, magnesia, and silicate of soda may 
be used as the alkali. The silk is immersed in this bath for 12 to 48 
hours, according to the desired extent of the bleaching. It is not wise 
to leave the goods in longer than three days, as otherwise the luster and 
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strength will be impaired. When employed hot the hydrogen peroxide 
bath is made up with i part of i2-volume hydrogen peroxide and from 
10 to 20 parts of water, according to the degree of bleaching desired. 



Either ammonia or the other alkalies mentioned above are added, and 
the silk is entered and worked for 15 minutes, after which the bath is 
gradually heated up to 190'’ F. during one hour, and then maintained 
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at that temperature for 45 minutes, after which the silk is washed off. 

Owing to the expense of hydrogen peroxide, this has now been 
largely replaced by sodium peroxide. The peroxide bath for silk may 
be prepared as follows : for 100 pounds of silk use a bath containing 
160 gallons of water, stir in 10 pounds of concentrated sulfuric acid, 
and then cautiously add 73/ pounds of sodium peroxide; then add 5 
pounds of sodium silicate and finally a solution of 5 to 10 pounds of 
soap. Use the bath at 180*^ F. The bath of sodium peroxide is made 
up in the manner already indicated under the bleaching of wool (see 
page 138), and the details of the bleaching operation arc carried out in 
the same manner. Great care must be had in the preparation of the 
sodium peroxide bath and also that all the chemicals and vats em- 
ployed are free from traces of iron, otherwise the bleach obtained will 
not be satisfactory. 

6. Bleaching Silk with Potassium Permanganate. 

Silk mey be bleached with this reagent in much the same manner as 
wool (see page 145). The silk is first soaked for 15 minutes in a cold 
bath containing i pound of potassium permanganate to 10 gallons of 
water. It is then squeezed and treated in a bath containing sulfurous 
acid (or sodium bisulfite and sulfuric acid) until the brown color which 
it first acquires is changed to a white. Care should be taken that the 
action of the chemicals should not be too prolonged and the baths 
should be used cold. 

7. Bleaching Silk with Perborates. 

Take sodium peroxide the perborates (sodium or magnesium) arc 
capable of forming hydrogen peroxide in solution under proper treat- 
ment. On this account sodium perborate in particular has been recently 
put forward as an available bleaching agent for wool (see page 147) 
and silk. 

Sodium perborate is prepared from sodium ])croxide and boric 
acid, and as compounds derived from borax arc all rather expensive 
when compared commercially with sodium compounds alone it is rea- 
sonable to expect that sodium perborate would he more costly than 
sodium peroxide when based on an equivalence of available oxygen. 
Furthermore, commercial sodium perborate contains only 10.4 percent 
of active oxygen, whereas sodium peroxide contains about 20 percent 
or practically twice as much. 

In its general application to purposes of bleaching, sodium per- 
borate is very similar to .sodium peroxide or hydrogen peroxide. In 
fact, the various per-oxygen chemical compounds which have from 
time to time been suggested as capable bleaching agents, such as per- 
borates. percarbonates and persulfates, all depend in the last resort 
for their bleaching activity on the fact that they readily furnish a solu- 
tion of hydrogen peroxide when dissolved in water or when their solu- 
tions are treated with a suitable acid. Therefore, the bleaching process 
with all these reagents comes down to a question of bleaching with 
hydrogen peroxide. In the consideration of this question, the chief 
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factors to be reckoned with are the comparative amounts of hydrogen 
peroxide formed from equal quantities of the different compounds and 
the relative cost of hydrogen peroxide thus produced and whether the 
decomposition of the product brings into the solution other ingredients 



Fig. 9C' -Special Machine for Degumining Silk Pieces. 

which may hinder the activity of the hydrogen peroxide in its bleaching 
efficiency. Sodium perborate is much more stable in its nature than 
sodium peroxide and it was principally on this account that it attracted 



Fig. 99. — Cross-section of Degumining Machine. 


attention for purposes of bleaching. Whereas sodium peroxide would 
decompose with violent rapidity when dissolved in cold water, sodium 
perborate requires to be dissolved in hot water in order that it may be 
decomposed completely and the resulting products are hydrogen perox- 
ide and borax. It may be probable, however, that some or all of the 
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borax exists in the solution as metaborate of sodium. It has not been 
demonstrated that bleaching baths prepared from sodium perborate are 
as efficient as the bath containing pure hydrogen peroxide alone, and 
solutions prepared from sodium perborate show a relatively higher 
cost for the same amount of active bleaching agent. In this respect, 
sodium perborate is expensive out of all proportion when compared 
with sodium peroxide. The liberation of hydrogen peroxide in per- 
borate solutions may also be brought about by the addition of an acid, 
in which case an organic acid, and preferably formic acid, should be 



Fig, ioo — Singeing Machine for Silk-cotton Goods. 


used. There are a number of perborates possible, ranging in active 
oxygen content from about 4 percent to 16 percent. Ihe best com- 
mercial samples, however, of sodium perborate show about 10 percent 
of active oxygen. 

According to a German patent, yarn or fabrics may be padded with 
a cold solution of sodium perborate and then steamed and washed and 
the process repeated until a sufficient degree of bleaching is procured. 
Lime may be added to the perborate solution. The amount of per- 
borate used is said to be much less than in the usual process, being 
only that taken up by the material, and it is further claimed that this 
process gives more rapid results. 
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Perborates are usually recognized by producing an intense blood- 
red color with titanic acid in the presence of sulfuric acid. Also solu- 
tions of sodium bichromate are turned blue on the addition of per- 
borates, and this test can be used to indicate when the exhaustioii of 
the perborate bath is completed. 

Percarbonatc of soda has also been suggested for the purpose of 
bleaching expensive silk materials. This compound is prepared elec- 
trolytically by passing a current of electricity through a concentrated 
solution of sodium carbonate at a low temperature. The solution of the 
electrolyte must be rather concentrated in order to allow the less 
soluble percarbonates to separate out. By dissolving sodium percar- 
bonatc in hot water, there is formed a solution of hydrogen perborate 
and sodium carbonate. Therefore, in the bleaching of silk with this 
material, it is advisable to use an acid bath, it being recommended to 
dissolve the sodium percarbonatc in cold water and then to acidify 
with formic acid. 

The only persulfate which has been suggested for bleaching pur- 
poses is the ammonium salt. It is far too expensive, however, for use 
on a commercial scale, although it has considerable value in certain 
bleaching processes on an experimental scale. Ammonium persulfate is 
made by the electrolysis of ammonium sulfate. It is a solid and is used 
for bleaching by dissolving in cold water. The bleaching bath is used 
warm and its action is usually powerful. A by-product formed in this 
solution is ammonium acid sulfate. 

8. Bleaching Tussah Silk. 

d'ussah silk is much more difficult to bleach than mulberry silk, on 
account of the greater amount of impurities in the fiber, and also by 
reason of the fact that the fiber is less amenable to the action of chemi- 
cal reagents. As already mentioned under the subject of silk scouring 
(sec page i6()), tussah silk is much more difficult to strip than mulberry 
silk; that is, the sericin is hard to remove, and as the .stripping must 
]>rcccde the bleaching of silk, it can readily be understood that the 
bleaching of tussah silk is not a simple problem. Probably the best 
rnelliod for bleaching tussah silk is in the use of sodium peroxide, for 
the sulfuring method does not seem to give satisfactory results. 

After degumming tussah silk the fiber still possesses a rather dark 
brown color ; in this respect it differs from mulberry silk, as the color- 
ing matter is not present in the layer of gum, but also permeates the 
entire fiber. On this account the bleaching of tussah silk is by no 
means easy as it requires vigorous action to destroy the brown pigment 
• matter. At the present time, the peroxide method is chiefly used for 
bleaching tussah silk, the strength of the bath, the temperature and the 
duration of treatment depending on the quality and natural color of the 
silks and on the degree of whiteness desired in the bleach. 

According to Ilaen, the following piocess is recommended : For 50 
pounds of tussah silk a bath is prepared containing 30 pounds of mag- 
nesium sulfate dissolved in no gallons of water. The silk after being 
well boiled-off and washed, is thoroughly impregnated with this liquor. 
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and then lifted from the bath, while 6 pounds, lo ounces of sodium 
peroxide is carefully added in three portions during 45 minutes, work- 
ing the silk in the bath after each addition. It is important not to 
neglect to first impregnate the silk with the magnesium sulfate solution, 
otherwise the luster of the fiber would be impaired by the strongly 
alkaline solution of sodium peroxide acting on the silk. After the final 
addition of the sodium peroxide, the bath is heated during 45 minutes 
to 190° F. Dilute sulfuric acid is then added to clear the liquor which 
will have become milky through the precipitation of magnesium hy- 
drate. The silk is then given two to three turns in this liquor, washed 
and worked for 30 minutes in a bath containing 30 percent of soap for 
the purpose of restoring and increasing the luster; it is finally washed 
and brightened. Zinc sulfate may be employed in place of the mag- 
nesium salt, but does not give as good results. 

There have been a number of other methods proposed for the 
bleaching of tussah silk, but apparently without any practical basis. 
Lunge has described a method combining the sulfuring process with 
the sodium peroxide method.^ The silk is first snlfured or bleached 
with sodium bisulfite and is then steeped in a bath made of 7 gallons 
of water, ijk gallons of hydrogen peroxide and pounds of sodium 
silicate for several hours. As these two processes are diametrically 
opposed to each other in principle, the one being a reduction while the 
other is an oxidation, it might be expected that they would mutually 
neutralize each other more or less ; and experience proves this to be 
the case, for sulfuring and then bleaching with sodium peroxide does 
not give any better results than by using the sodium peroxide solution 
alone. Koechlin’s method (given by Hurst) was to use hydrogen 
peroxide in connection with caustic soda, soap and magnesia at a 
boiling temperature. Koechlin’s method is given as follows : prepare a 
bath with 22 gallons of water, 22 pounds of caustic soda, 66 pounds of 
soap, II pounds of calcined magnesia, ii gallons of hydrogen peroxide 
and a little ammonia ; the silk is boiled in this liquor for several hours. 
Girard’s method, which has been used to some extent in Europe, is as 
follows: (a) the tussah silk is worked in a warm dilute (i to 8) bath 
of hydrochloric acid for one hour; (b) wash and boil-off with a 5 
percent solution of sodium carbonate or a 2 percent solution of caus- 
tic soda and wash again; (c) steep in a weak solution of ammonium 
hypochlorite for 24 hours (this solution is prepared by mixing together 
solutions of bleaching powder and ammonium carbonate, allowing to 
settle and using the clear liquor) ; (d) wash and pass into a dilute bat 1 
of hydrochloric acid at 2"" Tw. and wash again; (e) steep for 24 hours 
in a bath of hydrogen peroxide of volume strength with the addition 
of ammonia or borax. The function of the first treatment with hy- 
drochloric acid is to remove the lime present in tussah silk. 1 he treat- 
ment with ammonium hypochlorite is considered by Pentecost as being 
superfluous, as no advantage is gained over the bleaching with hydrogen 
peroxide alone. From experiments made liy the latter-named writer 


’ Hurst, Silk Dyeing, p. 

^Joiir. Soc. Chem. Ind., 1893, P- 33 »' 
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it appears that the best conditions for bleaching tussah silk with 
hydrogen peroxide is to use i part of 12 volume hydrogen peroxide 
with 10 parts of water, adding to the bath ounce of sodium silicate 
for each 22 ounces of the bath ; the silk is steeped in such a solution for 
2 days cold, and then heated to 190° F. for 2 hours. Ammonia, mag- 
nesia and borax do not give as good results as sodium silicate as addi- 
tions to the bath. 

Beltzcr recommends the use of hydrogen peroxide and hydrosulfite 
compounds, the bleaching being effected in two stages. Hydrogen 
peroxide solution of 6 to 10 volumes strength is made faintly alkaline 



Fig, 102, — Drying Machine for Silk Crepe (Proctor & Schwartz). 


with ammonia, then healed to 100° F. The silk is completely immersed 
in this solution, where it is allowed to remain for 24 hours. In practice 
it is customary to give the silk a preliminary treatment in a peroxide 
bath which has already been used once. The bleached silk is washed in 
soft lukewarm water, and is then soured in a solution containing i part 
of oxalic acid to 1000 parts of water for 3 to 4 hours at a temperature 
of 160° F. After passing through this treatment the silk is of a pale 
yellow color. To give the final bleach a solution is made with i part 
of Blankit (or other similar hydrosulfite compound) to 100 parts of 
water at 120° F. The well washed silk is immersed in this solution for 
24 hours, then rinsed in soft water and dried at a low temperature. It 
should then have a fine lustrous white appearance. The hydrosulfite 
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may be used repeatedly, being freshened up each time with the neces- 
sary amount of Blankit. The strength of the bath may be determined 
by titration with indigo-carmine solution. 

From a study of the different processes of bleaching tussah silk, 
Stead recommends the following method: For 100 pounds of silk a 
bath is prepared containing 250 gallons of water to which is added 26.6 
pounds of sulfuric acid ( 168° Tw.) and 20 pounds of sodium peroxide, 
the excess of acid being then neutralized by the addition of a slight 
excess of sodium silicate. The previously boiled-off silk is entered 
into this bath and in the course of 30 minutes the temperature is gradu- 
ally raised to 140° F. The silk is turned occasionally during 6-8 hours, 
when the bleach should be complete. The silk is then removed and 
thoroughly rinsed in tepid water, and next passed into a warm dilute 
solution of sodium bisulfite to wliich is added a small quantity of hy- 
drochloric acid. After an immersion of 15 minutes in this bath the silk 
is removed and well washed to remove all traces of acid, and finished 
according to requirements.^ 

9. After-treatment of Bleached Silk. 

After silk yarn has been scoured and bleached, it may be either used 
for subsequent dyeing or it may be employed directly as bleached 
material for the purpose of weaving or other processes of manufacture- 
In the latter case, after the silk has been bleached, it is usually weighted 
with stannic chloride, but as this is a process employed as an adjunct in 
dyeing, it will not be considered at this point. There are various me- 
chanical treatments, however, which are customarily given to the 
bleached silk the skein form, and these include scrooping, shaking- 
out, stringing, md lustering. 

(a) Scrooping . — This is for the purpose of giving the silk fiber a stiff or 
harsh quality so that when squeezed or rubbed, it emits a crackling or crunching 
sound. Contrary to the popular opinion, this property of scroop is not one that 
is natural to the silk fiber itself but is an acquired property given to it by special 
treatment. ^ For the scrooping of silk, the material is usually steeped in a bath of 
tartaric acid (containing about 5 grams per liter) until the fiber is thoroughly 
impregnated with the solution, then squeezed out and dried without rinsing. 
Another method which is recommended is to first pass the silk through a weak 
soap bath, squeeze out, and then steep in the tartaric acid bath as before, and 
finally squeezing and drying without rinsing. In order to produce a good scroop 
the silk must not be oiled as this will prevent the development of the character- 
istic “crunch.” 

(b) SJuiking-out.— This process is termed by the ITench sccouage and is used 
to open out the skeins of silk so as to straighten the threa<ls and separate them 
from each other. It also gives the silk a uniform ajjpcar.mce and lessens the 
tendency of the fiber to curl and wrinkle. This process is usually performed 
after drying and simply consists of hanging the skeins of silk on a wooden peg 
or support and by means of a smooth stick, pulling and shaking out the skeins 
in a vigorous manner. Special machines arc ahso built for carrying out this 
operation, thus saving hand labor and giving more uniform results. 

(c) Stringing.— This is termed by the P'rench chcvillagc and was formerly 
a process used in conjunction with the shaking-out operation. Its purpose is to 
straighten-out the threads and to separate the double silk fibers into individual 
filaments and also to add luster or gloss to the thread. The operation may be 

* For the desenption of various superannuated methods of bleaching tussah silk, see Silber- 
tnann, Fdrber-Zeit., 1893, p. 216. 



Fig. 103. — Machine for Boiling-oF Plush Fabrics. 



Fig. 104.— Micrograph of Tiissah Silk Fibers. 
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conducted by hand, in which case the dried skeins are hung on pegs and then 
by means of a smooth stick, the skeins are pulled, and twisted tightly first in one 
direction and then in another. The operation is now usually conducted by means 
of a special machine designed for this purpose, the skeins being hung on spindles 
and automatically twisted first in one direction and then in the other. In some 
cases the stringing is done simply by twisting the skeins as tightly as possible 
and leaving them in this position for several hours and repeating the operation 
over a period of several days. This method is used principally on sewing silks 
and is for the purpose of giving an increased luster to the fiber. 

(d) Lustering . — ^This operation is used in conjunction with the preceding 
and is a final process given to almost all skein silks, whether bleached or dyed. 
It is for the purpose of giving a high degree of luster to the fiber and also it 
helps considerably in the subsequent winding of the silk from the skeins. In 
carrying out the process, a silk lustering machine is used, the silk skeins being 
stretched between polished steel revolving rollers. These are enclosed in an iron 
box and while the rollers are turning, steam at a moderate pressure is admitted 
into the box so that the hot, dry steam acts on the stretched fiber. This process 
gives the silk a brilliant mother-of-pearl luster. 

10. Bleaching of Half-Silk Fabrics. 

Half-silk fabrics consist of a mixture of cotton and silk fibers, 
usually a cotton warp and a silk filling. Ribbons, dressgoods and fancy 
fabrics are often of this structure. The bleaching of such goods pre- 
sents certain difficulties, as the ordinary methods of bleaching cotton 
cannot be applied, as these would ruin the silk fiber, and the usual 
methods of bleaching silk will not always give a suitable bleach to the 
cotton. Half-silk fabrics, for instance, cannot be successfully bleached 
bv treatment with hypochlorites, as these have an injurious effect on the 
silk ; while on the other hand sulfurous does not furnish a satisfactory 
bleach to the ^'otton, and moreover is liable to tender this fiber by the 
formation of sulfuric acid. 

The only satisfactory method of bleaching half-silk fabrics, there- 
fore, is by the use of peroxides. The goods should first be well boilcd- 
out in a neutral soap solution, taking care to employ a soap free from 
caustic alkali, as otherwise the silk fiber will be injured and suffer a loss 
of luster. The bleaching solution is prepared from peroxide of hydro- 
gen or of sodium and should be a rather concentrated one, for if a 
weak peroxide bath is employed the bleaching action will be too slow, 
and as a result the cotton will not come up to a satisfactory white while 
the silk will be liable to turn to a yellowish or brownish color. The vat 
employed for the bleaching bath should be lined on the inside with can- 
vas, and care should be taken to prevent any metal from getting into 
the bath. Even lead pipes for heating should be avoided, the steam 
being introduced by means of a rubber hose. The undesirability of the 
use of lead pipes is due to the fact that in the strong peroxide bath the 
liberated oxygen will combine with the lead to form brown lead perox- 
ide which will be absorbed by the silk and will give it a yellowish shade. 
It is well to use a 3 to 4 percent peroxide bath neutralized with 
sulfuric acid and heated to 140° F. Just before the introduction of the 
goods the bath should be made slightly alkaline by the addition of 
sufficient sodium silicate. As soon as the material has come up to a 
good white (3 to 6 hours) they should be removed from the bath and 
rinsed several times, first in dilute oxalic acid, then in water, 



Chapter XL 

The Boiling-out of Cotton. 

I. General Considerations. 

For the general purposes of manufacture cotton docs not require 
to be scoured. The impurities in this fiber may be regarded as those 
substances other than cellulose which may be present, and mostly in- 
clude waxy and resinous matters. Far from being a hindrance to the 
proper processing of cotton during its manufacture these impurities are 
a considerable aid as they render the fiber plastic and resilient during 
the carding and spinning operations. It is only previous to dyeing and 
bleaching processes that it becomes necessary to scour cotton, for the 
waxy impurities with which the fiber is associated prevent the ready 
absorption of solutions by the cotton, so that the latter in its raw state 
is quite water-repellent. This property may easily be shown by drop- 
ping some raw cotton on the surface of water; it will be observed 
that the fibers do not become wetted but float about on the water. 

Cotton may be bleached in either one of its three forms (loose stock, 
yarn, or cloth). Loose cotton is only bleached to a small extent, prin- 
cipally for the preparation of absorbent cotton from cotton comber 
waste and for the preparation of cotton batting from cotton linters; but 
for ordinary textile purposes for the preparation of yarns, loose cotton 
is not customarily bleached. There are, however, certain cases where 
bleached cotton stock is spun into yarns for hosiery and underwear; 
for this purpose only a cream bleach is produced. Cotton yarn is 
bleached in cases where it is to be subsequently dyed in delicate tints 
and a pure clear color is desired; or when white yarn is to be used in 
woven cloth together with colored yarns, and it is not advisable to 
bleach the woven fabric on account of the danger of destroying the 
colors. Cotton cloth, or calico, is bleached for the purpose of leaving 
it in the white condition, in which case it is called the “market bleach’' ; 
or for dyeing of delicate shades and certain colors, such as Turkey-red, 
in the piece ; or finally, for the purpose of being used as print cloth in 
the making of calico prints. The bleaching of cotton cloth is a much 
more thorough and complicated process than the bleaching of loose 
stock or yarn as it is required, especially when the cloth is to be used 
for dyeing Turkey-red or for printing, that absolutely all impurities be 
removed from the fiber. 



BLEACHING OF SILK 


189 

conducted by hand, in which case the dried skeins are hung on pegs and then 
by means of a smooth stick, the skeins are pulled, and twisted tightly first in one 
direction and then in another. The operation is now usually conducted by means 
of a special machine designed for this purpose, the skeins being hung on spindles 
and automatically twisted first in one direction and then in the other. In some 
cases the stringing is done simply by twisting the skeins as tightly as possible 
and leaving them in this position for several hours and repeating the operation 
over a period of several days. This method is used principally on sewing silks 
and is for the purpose of giving an increased luster to the fiber. 

(d) Lustering . — ^This operation is used in conjunction with the preceding 
and is a final process given to almost all skein silks, whether bleached or dyed. 
It is for the purpose of giving a high degree of luster to the fiber and also it 
helps considerably in the subsequent winding of the silk from the skeins. In 
carrying out the process, a silk lustering machine is used, the silk skeins being 
stretched between polished steel revolving rollers. These are enclosed in an iron 
box and while the rollers are turning, steam at a moderate pressure is admitted 
into the box so that the hot, dry steam acts on the stretched fiber. This process 
gives the silk a brilliant mother-of-pearl luster. 

10. Bleaching of Half-Silk Fabrics. 

Half-silk fabrics consist of a mixture of cotton and silk fibers, 
usually a cotton warp and a silk filling. Ribbons, dressgoods and fancy 
fabrics are often of this structure. The bleaching of such goods pre- 
sents certain difficulties, as the ordinary methods of bleaching cotton 
cannot be applied, as these would ruin the silk fiber, and the usual 
methods of bleaching silk will not always give a suitable bleach to the 
cotton. Half-silk fabrics, for instance, cannot be successfully bleached 
bv treatment with hypochlorites, as these have an injurious effect on the 
silk ; while on the other hand sulfurous does not furnish a satisfactory 
bleach to the ^'otton, and moreover is liable to tender this fiber by the 
formation of sulfuric acid. 

The only satisfactory method of bleaching half-silk fabrics, there- 
fore, is by the use of peroxides. The goods should first be well boilcd- 
out in a neutral soap solution, taking care to employ a soap free from 
caustic alkali, as otherwise the silk fiber will be injured and suffer a loss 
of luster. The bleaching solution is prepared from peroxide of hydro- 
gen or of sodium and should be a rather concentrated one, for if a 
weak peroxide bath is employed the bleaching action will be too slow, 
and as a result the cotton will not come up to a satisfactory white while 
the silk will be liable to turn to a yellowish or brownish color. The vat 
employed for the bleaching bath should be lined on the inside with can- 
vas, and care should be taken to prevent any metal from getting into 
the bath. Even lead pipes for heating should be avoided, the steam 
being introduced by means of a rubber hose. The undesirability of the 
use of lead pipes is due to the fact that in the strong peroxide bath the 
liberated oxygen will combine with the lead to form brown lead perox- 
ide which will be absorbed by the silk and will give it a yellowish shade. 
It is well to use a 3 to 4 percent peroxide bath neutralized with 
sulfuric acid and heated to 140° F. Just before the introduction of the 
goods the bath should be made slightly alkaline by the addition of 
sufficient sodium silicate. As soon as the material has come up to a 
good white (3 to 6 hours) they should be removed from the bath and 
rinsed several times, first in dilute oxalic acid, then in water, 
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is added in cases where the goods are to be left in the white condition ; 
the object of this being to remove the dead-white appearance of the 
bleached cotton and to give it a bluish cast wliich is more pleasing to 
the eye. The tinting is nearly always carried out simultaneously with 
the soaping. 

3. Nature of Impurities in Cotton. 

In the raw state, cotton consists essentially of cellulose associated 
with 4 to 5 percent of other matters made up principally of pectin, 



cotton-wax, cotton-oil, albuminous matter, coloring matter and a small 
amount of mineral matter. 

The chemical analysis of the raw cotton fiber gives the following 
results : * 

Percent 


Water 

Ash 

Protein 

Fiber (cellulose) . . 
Nitrogen free extract 
Fat 


6.74 
1.65 
1. 50 
83.71 
5.79 

0.61 


* Bulletin No. 33, of the U. S. Dept, of Agriculture. 
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The chemical composition of different varieties of cotton from vari- 
ous sources may be said to be practically the same, as variations in the 
reported analyses are no greater than the variations to be Observed in 
the analyses of different samples of the same kind of cotton. 

According to Trotman and Thorp ^ the following analysis repre- 
sents the composition of the non-cellulose part of the bulk of cotton 
yarns and fabrics as they are delivered to the bleacher: 

Percent 


Water 8-10 

Oil, wax and fat i-S 

Mineral matter 1-2 

Nitrogenous and other bodies soluble in alkali 4-8 


Lester * has studied the substances present in raw cotton capable of 
extraction by water. This extract is evidently of a complex nature and 



amounts to about 1.73 percent from yarn, though if the cotton yarn is 
clipped up into short lengths of one-quarter inch, the extractive matter 
rises to 2.1 1 percent. The analysis of this extract is given as follows : 


Percent 

Ash 39-22 

Fatty acids 62.30 

Ether extract i7-52 

Cold water extract 39-50 

Ash of original cotton 0.82 

Ash of cotton after extraction with water 0.21 


L.ester also shows that while cotton on exposure to air after drying 
will reabsorb about 8 percent of moisture, the dried aqueous extract 
from cotton will absorb about 32 percent and hence is of a far different 

* Principles of Bleaching and Finidiing Cotton, p.igc 4. 

*Jour. Soc. Chem, Ind., 1902, p, 388. 
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nature from that of cotton. Probably raw cotton owes some of its 
hygroscopic moisture to this substance. 

Knecht ^ gives the following results from an investigation on the 
extractive matters in raw cotton : 


Extracted successively with: 

Benzene 

Alcohol . . . . 

Water 

Ammonia (25 c.c. per liter) .. 
Formic acid (25 c.c. per liter) 


Egyptian, 

Texas, 

Bengal, 

percent 

percent 

percent 

.. 0.47 

0.55 

0.38 

.. 0.68 

o.go 


.. 1.46 

1.61 


. . 0.48 

0.39 


.. 0.46 

072 



The extractions were carried out by boiling with the solvents in a Soxh- 
lel tube. The results, however, are so variable that they possess only a 
comparative significance in giving some general idea as to the amount 
and character of the extractive matters of the raw fiber. 


4. Chemical Analysis of Cotton. 

The complete chemical analysis of cotton may be conducted as fol- 
lows : ( I ) The hygroscopic moisture may be determined by drying to 
constant weight at 220*^ F. or perhaps more accurately by the toluene 



method of Schwalbe. The toluene method is as follows : 3 grams of the 
cotton is boiled with 300 c.c. of pure toluene (b. p. 230^^ F.). The 
water is collected by distillation in a graduated tube, and from a de- 
termination of its volume, or by weighing, the percentage of moisture 
may be calculated. (2) A weighed portion of the cotton is incinerated 

'Text. Inst. Jour., 1911, p. 22. 
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in a platinum or porcelain crucible^to a complete ash; this will give 
the ash of the raw fiber, and it may be subsequently analyzed by the 
customary chemical methods to ascertain its composition. (3) An- 
other portion of the fiber is boiled with caustic soda solution of 2° Tw. 
rinsed, and dried ; the loss in weight is considered as fat and wax. Or 
the fibers may be extracted with alcohol and ether in a Soxhlet ap- 
paratus, and the extracted matter determined by loss in weight, or 
ascertained directly by evaporation of the solvent. (4) The amount 
of nitrogen in the cotton may be determined by Kjeldahl’s method. 
(5) The amount of cuticle is obtained by determining the loss in weight 
after boiling with a solution of sodium sulfite. (6) The ash of the 
remaining cellulose can then be determined by ignition. (7) The loss 
in weight on ignition is cellulose. 

A resume of the complete analysis of cotton is as follows: 

(a) Dry at 220° F; loss — hygroscopic moisture. 

(b) Ignite; residue = ash of raw fiber. 

(c) Boil with caustic soda; loss “fat and wax. 

(d) Bleach with sodium hypochlorite solution of 2° Tw. ; loss — coloring 

matters. 

(el Boil with alkaline solution of sodium sulfite; loss cuticular substance. 

(f) Ignite; loss = cellulose. 

(g) Residue of ignition = ash of cellulose. 

Such an analysis will furnish about the following results : 


(a) Hygroscopic water 

(b) Ash of -aw fiber . 

(c) Fats anc wax . . . 

(d) Loss on bk-aching 

(e) Cuticular matters . 

(f) Pure cellulose 

(g) Ash of cellulose . 


Percent 


7.00 
1. 12 


5.00 

0.50 

0.75 

86.63 

0.12 


5. Pectin Compounds. 

Pectin compounds form the greater portion of the impurities pres- 
ent in cotton. These compounds are of a rather indefinite character but 
consist of gum-like bodies derived from the cell-juices of the plant, 
and appear to form an integral part of most vegetable cell membranes. 
Pectin is presumed to be a derivative of pectic acid with metallic salts, 
and calcium pectate is one of the chief ingredients in the gums which 
cement together the cells of woody tissues. 

According to Bowman ® in the earlier stages of the growth of the 
cotton fiber the cell-contents arc similar to those contained in the juices 
of all unripe fruit, comprising a mixture of organic bodies to which the 
general name of pectose is given. Pectose itself is quite insoluble in 
water, but during the changes which occur, under the action of sunlight 
and air and in association with the vegetable acids, it is converted into 
a definite body known as pectin, which readily dissolves in water and 
gives a viscous solution. As the ripening proceeds a further change 

• Structure of the Cotton Fiber, p. 246. 
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occurs, and the pectin is transformed into pectic acid and pectosic acid, 
which are soluble in boiling water and give solutions which furnish 
viscous jelly-like bodies on cooling. 

Pectin compounds are really the products in vegetable juices that 
give these the property of forming jellies; pectin is also the chief com- 



ponent of Irish moss and similar vegetable matters. When boiled with 
alkalies pectin is decomposed, giving sodium pectatc together with salts 
of the organic acids contained in the original pectin. On acidifying 
the alkaline solution of pectin a precipitate of pectic acid is produced. 
Calcium pectate is one of the most important salts of pectic acid occur- 
ring in vegetable cells and assists considerably in binding together these 
cells in the composite tissues. 
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6. Cotton-Wax. 

This wax appears to coat the fiber with a protective layer, making 
it water-repellent. The wax appears to ]3e closely analogous to car- 
nanba wax."^ It is not soluble in alkalies, but it is gradually emulsified 



by a long-continued boiling in alkaline solutions. On the other hand, 
cotton-wax is readily soluble in soluble (or sulfonated) oils, such as 
Turkey-red oil, which accounts for the fact that cotton may be quickly 
wetted-out by working in a solution of such an oil. 

^ Kn relit and Allan {Jour. Soc. Dyers & Col., igir, p. 142) have made a very complete 
study of the wax obtained from the raw cotton fiber. The wax was obtained by extracting 
raw cotton in a Soxhlet apparatus, first with light naphtha and then with benzene, thus 
obtaining the pro<luct in two fractions. The first product was an odorless, dull yellow sury 
stance closely resoinbling beeswax in texture and fracture. By repeatedly extracting this 
product with boiling alcohol (q6 percent) an insoluble wax of a glassy appearance was left; 
It had a melting point of 78® C. and an iodine value of ii;28. The portion .soluble m alcohol 
was more plastic, with a melting point of 62°C. and an iodine value of 33.22. On heating 
the wax for some time with a semi-normal solution of alcoholic potash under a reflux condenser 
it was only slightly saponified, but by u.'ung LeflFman's process with semi-normal glycerin* 
caustic soda solution it was found to contain 47.5 percent of tinsaponifiabje matter with 
melting point of 67®C. On acctylating there were obtained two hydrocarbons in a crystalline 
form, one with melting point of .and giving on analysis an empiiic formula ot 

Qi 11(14, corrcsjionding to hcntriacontane, and the other with a melting point of 70 L. ana 
an analysis corresponding to dotriacontanc or dicetyl, By separating and aciaitying 

the saponified pait of tlie wax a small amount of glycciin to. 21 percent) was obtained, also 
a .slight quantity of a fatty acid with melting point of 74 4”C. (apparently cerotic 
together with some stearic and palmitic acids. The second fraction of the wa.x obtained 1 
the benzene extraction was a dark green granular mass with a melting point ot 08 U., aciQ 
value of 4.03 and saiionification value of 833 1 he unsaponili.ibli matter gave 

percent of a reddish brown sticky wax with melting point of 63 4®C. From the faUy 
obtained from the saponified portion of the wax there was obtained a small Quantity t a 
crystalline acid with melting point of 70.8°C. and apparently corresponding to melissic acid. 
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Analysis of cotton-wax shows it to consist of the following: 


Percent 


Carbon 80.38 

Hydrogen 14.51 

Oxygen 5.1 1 


It fuses at 85.9*^ C. and solidifies at 82° C.; hence it bears a close 
analogy to both cerosine (sugar cane wax) and carnauba wax. 

Knecht,® by exhaustively extracting raw Egyptian cotton with 
benzene, obtained 0.47 percent of crude cotton-wax resembling beeswax 
in appearance and consistency. On treatment with naphtha the crude 
wax was separated into two constituents, cotton-wax A, amounting to 
70 percent and soluble in the naphtha; and cotton- wax B, insoluble in 
naphtha. The first wax was of a pale color, with melting point of 66 
to 67° C., and seems to consist for the most part of a true wax, though 
containing besides some free fatty acids and small portions of glycer- 
ides and hydrocarbons. The cotton- wax B was a plastic substance with 
melting point of 68° C. and containing very little free fatty acid. 
Texas cotton was found to yield 0.55 percent of wax soluble in benzene, 
while Bengal cotton gave only 0.38 percent of crude wax. 

The coating of wax on the cotton fiber influences its spinning quali- 
ties to a considerable extent, as it requires, for instance, a rather ele- 
vated temperature to successfully spin fine yarns ; this condition prob- 
ably being necessary to soften the waxy coating on the fiber.® 

Piest has examined the extractive matters in cotton chiefly with 
reference to the point of view of the cellulose chemist. Raw American 
cotton linters gave the following results: wood-gum 1,32 percent; ether 
extract 0.74 percent; benzene extract 0.87 percent; petroleum ether 
extract 0.50 percent; absolute alcohol extract 1.23 percent; copper 
number 3.57 ; and ash 2,44 percent. The average figures obtained from 
a number of samples of normal purified cotton for nitration were: 
wood-gum 0.65 percent; ether extract 0.18 percent; carbon tetra- 
chloride extract 0.19 percent; alcohol extract 0.35 percent; copper 
number 0.95; and ash o.ii percent. The extract of cotton approxi- 
mated to Japan wax in its melting point, saponification and iodine 
values. 

Knecht states that the question as to the fate of the cotton-wax in 
the bleaching process has been discussed from the theoretical point of 
view ad nauseam, but from the behavior of the wax towards a semi- 

*Text. Inst. Jour., 1911, p. 22. 

• From spinning tests conducted on a large scale with Egyptian cotton deprived of its 
wax it has been shown (Knecht, Text. Inst. Jour. 1911, p. 22) that the dewaxed material 
behaves very badly in the drawing and spinning processes, giving an excessive amount of 
waste, irregular remits, and showing a tendency to adhere to tne rollers. In oroducing 
fine counts great trouble was experienced and breakages were very frequent. When used 
as a warp in the loom the dewaxed yarn was also Iroubksome on account of breaks. From 
actual tests it was found that the yarns spun from the dewaxed fiber were about 25 percent 
weaker than those spun from ordinary cotton. On the other hand, the extraction of the 
wax from ordinary yarn after spinning increased the strength by 13 percent, while the 
addition of 2 percent of paraffin wax to the extracted yarn decreased its strength again 
by 33 percent, Hubner made dyeing tests on cloth made from dewaxed raw Egyptian cotton 
and found that the direct dyes gave lighter shades on the dewaxed cotton than on the or- 
dinaix whereas Methylene Blue and certain other dyes gave darker shades. 
angew. Chetn., 1912, p. 396, 

«/0Mr. Soc. Dyers & Col., 1911, p. 145. 
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normal alcoholic potash solution it would seem scarcely likely that any 
saponification can take place in the alkaline treatment to which cotton 
^oods are subjected by boiling in the kicr. That the fatty acids present 
in the crude wax are readily removed by boiling with soda ash or 
caustic soda is only what would be expected, and it is just possible that 
the soap thus formed will remove some of the wax as an emulsion. But 
that the whole of the wax or anything like it is not removed by the 



Fig. ITT.— Showing Principle of Steam Injector. 


ordinary kier treatment is shown by the results on gray Egyptian yarn, 
in which the “crude” wax was estimated before and after the kier treat- 
ment by extraction in a Soxhlet with benzene. ( i ) Boiling for 4 hours 
with soda ash at 4" Tw. removed 30 percent of the total wax present; 
(2) boiling for 4 hours with caustic soda at 2° Tw. removed 28 per- 
cent; (3) boiling for 20 minutes with caustic soda at 2^ Tw. and 5 
percent of soap (on the weight of the cotton) removed 45 percent; 
(4) using same mixture as (3) but boiling 4 hours, removed 64 per- 
cent ; (5) boiling for 4 hours with caustic soda at 2° Tw. with the addi- 
tion of resin soap removed 73 percent. 
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7. Fatty Matters. 

The fatty acid present in cotton has been found to be identical with 
margai ic acid. According to Schunck, American cotton contains about 
0.84 percent of fatty matters, whereas East Indian cotton contains only 



0.337 p^'rcent. Tills probably accounts for the fact that the latter 
cotton is much harsher than American cotton. 

8. Cotton-Oil. 

Cotton-oil found in the fibers of raw cotton is apparently identical 
with cotton-seed oil, and is no doubt derived from the seed to which 
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the fiber is attached. In the ginning of the cotton some seeds become 
crushed and thus contaminate the fiber with more or less oil. 

Cotton yarns and cloth sometimes contain other oils than the fore- 
going, such oils being intentionally added for the purpose of softening 
the fiber, or as an ingredient in the sizing materials used in yarns to 
enhance their weaving qualities. Tallow and cocoanut oil are largely 
used for these pui*poses and there may be present at times as much as 
10 to 15 percent of such fatty matters in the cotton. 

9. Albuminous Matters. 

Albuminous matters are present in raw cotton to only a slight 
extent. These substances are nitrogenous in character, and doubtless 
consist of protoplasmic residues. The external cuticle and the wall of 
the inner canal of the fiber appear to be of an albuminous nature. The 
amount of nitrogenous matter present in cotton may be determined by 



Fig. 1 13. — Showing Circulation Produced by Steam Coil. 


Kjeldahl’s process, as follows: 5 grams of cotton material are chopped 
up and heated in a flask with 30 c.c. of concentrated sulfuric acid and 2 
grams of potassium permanganate. This treatment results in a com- 
plete decomposition of the nitrogenous matter with the liberation of 
ammonia, which immediately combines with the sulfuric acid present to 
form ammonium sulfate. An excess of caustic soda solution is now 
carefully added, and the solution boiled. This results in the liberation 
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of free ammonia as a gas. The latter is passed into a definite volume of 
i/io normal sulfuric acid solution, and the excess of acid not neutral- 
ized by the ammonia is subsequently titrated with i/io normal caustic 
soda solution, using Methyl Orange as an indicator. The amount of 
sulfuric acid neutralized measures the quantity of ammonia formed, 
which in turn determines the amount of nitrogen present in the original 
cotton. The quantity of nitrogen so obtained multiplied by the factor 
6.4 gives the amount of nitrogenous matter present as an albuminoid. 

The amount of nitrogen present in different varieties of cotton is 
given by Bowman as follows : 


Cotton 

American 

Sea-island 

Bengal 

Rough Peruvian 
White Egyptian 
Brown Egypt-an 


Percent Nitrogen 

0.30 

0.34 

0.39 

.... 0.33 

o 29 

042 


Mean 


0345 


From this it would seem that the amount of albuminous matters 
present is fairly constant in different varieties of cotton. According to 
analyses by Schindler raw Egyptian cotton gave 0.25 percent of 
nitrogen. By boiling the cotton for 8 hours with caustic soda solution 
the amount was reduced to 0.064 percent. Schindler also states that if 
we assume the nitrogen in raw cotton to be present in the form of 
albuminoids, the amount of the latter would be about 1.6 percent. As 
Schindler's determinations related only to brown Egyptian cotton, 
Knecht has given some figures for other varieties of cotton as follows: 
American (gray yarn) 0.138 percent nitrogen; Texas (raw, cleaned) 
0.150 percent nitrogen, and red Peruvian 0.280 percent nitrogen. It is 
evident, therefore, that American cotton contains less nitrogen than 
Egyptian or Peruvian. 

It is likely that in the process of bleaching most of the albuminous 
matter is removed from the cotton fiber.^^ Haller has shown that 
bleached cotton is not tinted so deeply as raw cotton with an acid solu- 


Jour. Soc. Dyers & Col, 1908, p. 106. 

'•Knecht and Hall (Jour, Soc. Dyers & Col, igi8, p. 220) in experiments relating 
to the removal of nitrogenous matter from raw cotton in a single treatment, showed that 
boiling at atmospheric pressure for 6 hours with a 2 percent caustic soda solution removed 
about 80 percent of the total nitrogen; boiling with lime for 12 hours removed about 38 
percent, but this was increased by subsequent souring to S3 percent Hot soaping removed 
only about 18 percent. By using yarn originally containing 0.248 percent of nitrogen and 
boiling under 35 lbs. pressure the following results were obtained: 


Process 

Raw cotton 

After lime boil 

After sour 

After caustic boil .... 

After sour 

After bleaih liquor .... 

After sour 

It would be interesting to have experiments 


Proportion of nitrogen 
remaining, percent. 

100.0 

540 

40.5 

27.1 

26.8 

6.7 

5.8 

conducted on actual mill samples on yarns 


treated with the usual caustic soda boil and followed by the various successive steps of 
the rest of the bleaching processes. 
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tion of Safranine, and he concludes that this is due to the albuminous 
matter acting as a mordant for the dyestuif. 

Practically nothing is known of the chemical constitution of the 
albuminous bodies present in raw cotton, but they are probably similar 



Fig. 1 14. — Open Type Kicr with Vomit Pipe. 

in composition and properties to the general class of proteoids. The 
fact that they contain an amino group (NHg) and arc capable of com- 
bining with chlorine to form bodies known as chloramines is interesting 
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as such a reaction may have some importance in the reactions involved 
in the bleacliing of cotton.^^ 

10. Coloring Matter in Cotton. 

Coloring matter is present to a small extent in cotton and gives the 
fiber a slight yellowish brown tone. In some varieties such as brown 
Egyptian and Nankin cottons, the color is quite noticeable. It is a com- 
mon opinion that the brownish colored cottons contain more iron than 
lighter colored varieties. This, however, is erroneous, as the ash of 
dark colored cottons does not contain a greater proportion of iron. 
The coloring matter is altogether an organic pigment. 

The coloring matter of raw cotton consists of two organic pig- 
ments, the one ‘soluble in alcohol, and the other dissolved only by boil- 
ing alcohol. According to Scbunck the composition of these bodies 
from Nankin cotton is as follows : 

A. Soluble in B. Insoluble in 
cold alcohol. cold alcohol. 

Percent Percent 


Carbon 58.22 57.70 

Hydrogen 5 42 5.60 

Nitrogen .^73 i-OO 

Oxygen 32.63 31.71 


The coloring matter of cotton is insoluble in water, and only par- 
tially soluble in alkaline or acid .solutions. By the action of oxidizing 
agents it is cither destroyed or changed to a soluble colorless compound. 
It is not so easily attacked by reducing agents. 

There is a peculiar variety of peeler cotton known as bender** 
cotton. The fiber is characterized by a bluish color which cannot be 
bleached out by the usual methods employed for the bleaching of ordi- 
nary cotton. It receives its name from occurring in the “bends’^ of the 
Mississippi River Valley. The exact nature of the color and the cause 
of its formation in this variety of cotton are not known. By some it is 
su])poscd that the defect arises from the plant being touched by frost 
too early, while others assume that the cause is to be found in some 
ingredient in the soil. Outside of its defective color and resistance to 
bleaching, the appearance and quality of the fiber are otherwise unim- 
paired. 

II. Mineral Matters in Cotton. 

Mineral matters exist in raw cotton in two forms. In the first place 
there is always more or less dust and sandy matter adhering as dirt to 
the surface of the fiber. The character and amount of this impurity 
vary much with the quality and geographical distribution of the cot- 
ton. In the second place, there is a certain amount of mineral matter 

’‘Trotman and Thorp arc of the opinion that the incomplete removal of nitroprenous matters 
in boiling-out not only makes the fiber resist the subsequent action of the bleach linuors, but 
is directly objectionable, owing to the power which protcids have of forming chloramines 
by the aosorption of chlorine. The importance of this factor, however, in the boiling-out 
and bleaching of cotton cannot be assumed as yet to have been definitely established, and 
is only a matter of unsubstantiated opinion which should receive careful investigation before 
being accepted in the category of scientific fact. 

News, 1886, p. 118, 1874, p. 5. 
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in the fiber itself as an integral part of the cell and its constituents. 
The amount of mineral matter existing as adhering dirt will generally 
be from i to 5 percent and the amount of mineral matter as a con- 
stituent part of the substance of the fiber will be from i to 1.25 percent. 
The first kind of mineral matter is practically all removed from the 
cotton in the preliminary processes of its manufacture when it passes 
through the dusting and cleaning machines and cards. The mineral 
matter of the second kind is removed almost entirely by boiling-out and 
bleaching. The following tests by the author show the influence of 
these operations on the mineral content of the fiber: 

Mineral Matter 

as Ash, Percent 


Carded Peeler 24/r yarn raw 1.12 

Boiled out 3 hrs., 12 lbs. pressure, with caustic soda and soluble oil 0.36 
Bleached with chloride of lime and soured with sulfuric acid 0.12 


The amount of ash or mineral matter in bleached cotton is a good 
indication of the character and quality of the bleach as will be shown 
when the testing of bleached cotton is considered. 

12. Motes or Shives. 

Motes are the dark colored specks which are to be observed in all 
samples of raw cotton, whether in the loose state or manufactured into 
yarn or cloth. Combed cotton yarns will naturally have much less 
motes than carded yarns. These motes are small pieces of cotton-seed 
hulls and broken leaf particles which adhere to the fiber and are re- 
tained in the yarn and cloth. They contain oily matter, tannin, and 
besides considerable dark brown coloring matter, and are very resistant 
to the action d the bleaching processes. They can only be gotten rid 
of by a very thorough boiling-out with caustic soda or lime and subse- 
quent bleaching with hypochlorites; but if the boiling-out has not been 
thorough, even severe subsequent bleaching will not suffice to decom- 
pose the motes. Material made from low-grade cottons and containing 
large quantities of persistent motes are sometimes treated with warm 
(100° to 120° F.) hypochlorite liquors. 

As the seed particles, of which the motes are in most part composed, 
contain considerable amounts of tannin and oil, they may lead to cer- 
tain defects in finishing. When cloth containing these motes is passed 
under great pressure through calender rolls the oil and tannin are 
squeezed out and form a small spot around the mote. When this comes 
in contact with iron a bluish or violet color is developed. 

The destruction and removal of the motes is one of the most diffi- 
cult problems with which the cotton bleacher has to deal. 

13. Sizing Materials. 

Besides the natural impurities to be found in raw cotton, there will 
also be present in cotton cloth various sizing materials, usually with 
starch as a basis. Warp yarns intended for weaving nearly always 
have to be sized with some variety of agglutinate in order to lay the 
fuzz of superficial fibers on the surface of the yarn, and also to give 
added strength and solidity to the yarn so that it may resist the wearing 
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Fig. 1 1 5. — High Pressure Kicr for Loose Cotton. 

action of the shuttle in weaving. In the bleacliing of cotton cloth these 
yarn-sizing materials have to he removed in the boiling-out process, 
either by treatment with alkaline liquors or with a malt preparation 
which will convert the starch into a readily soluble product.^® 

'•Mueller (Bull. Soc. Ind. Mulh , 1909, p. 79), has made a detailed study of the re* 
moval of size from cloth in cotton bleachinf?, and as a result of a comparison of the material 
turned out from a number of bleach works, he concludes that the most important factor in the 
removal of the size is the duration of the lye boil. Different methods of bleaching when 
properly carried out appear to yield about equally good results. An acid steep in dilute 
sulfuric or hydrochloric acid does not seem to be very efficacious in the removal of the 
sizing materials, and the most efficient and rapid method for the removal of the starch and 
such-like bodies from the cloth is a treatment with a malt extract or enzyme. 


Chapter XII. 

The Boiling-out of Cotton (Gont.). 

I. General Theory of Boiling-out. 

The scouring of cotton is generally referred to under the name of 
“hoiling-ont,” and it has for its purpose the removal of the waxy mat- 
ters from the fiber. This is usually done by boiling the cotton with 
dilute solutions of alkalies. The scouring of cotton may be for two 
purposes: (a) for removing the waxy coating of the fiber so that the 
cotton will readily absorb solutions of dyestuft's, etc.; this is termed 
“wetting-out” the cotton, and is generally required as a previous treat- 
ment to all dyeing and mordanting operations; (b) for removing as 
completely as possible all the impurities on the fiber so as to allow of a 
good clear white color being obtained by subsequent bleaching. This 
latter process is termed “boiling-out,” and is naturally more thorough 
and severe than the simple wetting-out process. 

If raw cotton is placed in water it will persistently float on the sur- 
face by reason of the water-rci)cllent quality of the waxy matters with 
which the fibci is coated. If boiled for a long time in water the fiber 
will gradually become wetted and will eventually sink. If boiled in a 
dilute solution of soda ash, caustic soda, or other alkali, the wetting-out 
of the fiber will occur much more rapidly. Solutions of soaps and 
soluble oils will also wet-out cotton quite rapidly and even more effec- 
tively than alkalies. 

As a process preliminary to bleaching, the boiling-out of cotton must 
be very thorough. In fact, it may be said that the success of bleaching 
cotton depends most largely on proper boiling-out ; therefore the com- 
plete cleansing of the fiber before treatment with the bleaching solu- 
tions proper is very essential. 

There are two general processes employed for the boiling-out of 
cotton preparatory to bleaching, and these may be called (a) the lime 
boil and (b) the soda boil. In the first process the chief agent em- 
ployed is milk of lime, whereas in the second process a solution of 
caustic soda is used. In both cases the cotton is boiled in closed kiers 
under moderate pressure for a number of hours. The lime boil is by 
far the more complicated as it requires not only treatment with milk of 
lime, but also succeeding treatments with soda ash, resin soap, and in- 
termediate sours, or treatment with acid. The soda boil is much 
simpler, being comprised in one operation and reejuiring only 8 to 12 
hours for its completion. The lime boil, on the other hand, requires 
from 2 to 3 days. In most bleacheries the lime boil is gradually being 
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superseded by the soda boil, for when the latter is properly conducted 
it apparently gives as good results as the older and more complicated 
process. 

2. Effect of Alkalies on the Cotton Fiber. 

As the boiling-out operation has to do with the action of alkalies on 
cotton and the impurities therein it is well to have a clear understanding 



Fig. ii6. — High Pressure Kicr for Yarns. 

of the effect produced by these chemical agents on the cotton fiber. As 
already pointed out the pure cotton fiber consists of a form of cellulose 
and this material is quite resistant to the chemical action of alkalies. 
Dilute, or even rather concentrated, solutions of the weak alkaline salts, 
such as borax, sodium phosphate, soap, etc., have practically no effect 
on cotton. Also dilute solutions of caustic alkalies and caustic lime 
have no effect on the fiber if not in the presence of air. From cold 
solutions of these alkalies cotton absorbs some of the alkali-base or 
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alkaline earth base and retains it with such firmness that it is difficult to 
wash it out. Thies has shown that thick layers of cotton really filter 
out the alkaline base from solutions of caustic soda or milk of lime. A 
test was made with 100 gms. of boiled-out, dried cotton yarn; this was 
steeped for 10 minutes in 1,500 c.c. of cold 1/5 normal solutions of soda 
ash and caustic soda respectively. Then the strengths of the alkaline 
solutions were determined, and it was found that that of the soda ash 
solution remained unchanged but the strength of the caustic soda solu- 
tion had diminished in the ratio of 10:9.4. It was also found that on 
equally centrifuging the wet skeins and then rinsing with water the 
soda ash residues were much more quickly removed than those of the 



Fig. 1 17. — Small Kier for Skeins. 


caustic soda. In other words it would seem that cotton cellulose com- 
bines in some form with caustic alkalies. It is presumed by some that 
a definite body known as alkali-cellulose (2QI!io05.NaOH) is 
formed, but this has yet to be accurately established. This alkali-cellu- 
lose, however definite or indefinite may be its chemical structure, is 
rather sensitive to atmospheric oxidation and also to high temperatures. 
On this account the simultaneous action of caustic alkali and air is apt 
to be injurious to cotton. In this connection, however, the concentra- 
tion of the caUvStic lye is important. According to Thies, a caustic 
soda solution of i to 2 percent strength even with air in a kier has no 
injurious effect, whereas a caustic soda solution of 4 to 5 percent 
strength under the same conditions has a very noticeable weakening 
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action on the cotton. Consequently it may readily be understood that 
when caustic soda solutions of such strength are employed for boiling- 
out care should be taken to remove all air from the kier. 

Highly concentrated solutions of caustic soda effect the so-called 
mercerizing action on the cotton, whereby the fiber shrinks in length 
and becomes distended laterally ; this effect is brought about better by 
cold solutions than by hot liquors, and it is not produced by strong 
liquors of milk of lime. In boiling-out cotton solutions of caustic soda 
of sufficient strength to produce merccrization are never used, as it 
requires a strength of about 30® Tw. to give this effect. It may be pos- 
sible, however, that when strong stock solutions of caustic soda are 
added freshly to the kier in starting a boil-out, the fiber may come in 
contact with such solution of sufficient concentration to produce some 
mercerizing effect. On this account it is bad policy to add the strong 
caustic liquor directly to the kier, but the diluted solution should be 
used. This is particularly true if the cotton or the caustic lye is hot, 
as under such conditions there is danger of the formation of oxycellu- 
lose which causes a tendering and discoloration of the cotton. 

The question as to whether the dilute hot caustic lyes employed in 
boiling-out have any weakening action on cotton has been much de- 
bated, and the matter is still somewhat in a state of suspense. So many 
conditions and variations enter into the problem that it is difficult to 
compare the results of different investigators. Kind ^ has shown that 
cotton yarn scoured with benzene has a higher tensile strength than 
when boiled-out with caustic soda. The action of the alkali in connec- 
tion with the hardness of the water is also to be considered, as lime and 
magnesium salts may be precipitated in the fiber, thus causing it to 
become harsh in feel and perhaps weaker in strength. The use of very 
soft water in this connection would therefore be beneficial. 

3. Use of Lime. 

Some bleachers claim that the use of lime is dangerous ; that there 
is liability of “burning” or tendering the goods in spots; but this is 
usually the result of careless working and the leaving of particles of 
the lime in the cotton to be dried therein. If oxidizing agents in gen- 
eral, and air in particular, are excluded, the action of lime docs not 
appear to sensibly diminish the strength of cotton, whether the treat- 
ment is carried out cold or hot. If oxidizing agents, however, arc 
present a considerable deterioration in the strength of the fiber will 
be noticed. The use of lime, on the other hand, is preferred by some 
as it is somewhat cheaper than the other alkalies, and it is also said that 
the goods afterwards preserve their white color better in the shop and 
show less tendency to become yellowish, but if the other bleaching 
operations are properly conducted there is no real reason for this be- 
ing so whatever alkali is employed. When boiling-out cotton with lime, 
it is best to follow with an acid bath in order to dissolve off all par- 
ticles of lime which otherwise might adhere to the fiber and cause 
a tendering of the goods. 

* On the action of acids and alkalies on cotton and linen, see Deutsche FBrber-Zeit., 1909. 
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Scheurer in an exhaustive paper before the Industrial So- 
ciety of Mulhouse ^ arrives at the following conclusions with respect 
to the action of various alkalies in the bleaching of cotton and while 
there has been much progress in the methods of boiling-out and bleach- 
ing since that time, nevertheless the conclusions herein stated are still 
of very pertinent interest to the modern bleacher. On account of the 
protective influence exerted on the natural pigment of the fiber by 
the fats and waxes it is very important that saponification take place 
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Fig. ii 8, — Diagram of Open Type Kier with Pump. 


as rapidly as possible. When the lye boil with soda ash is not pre- 
ceded by a lime boil, the results are not as good as when caustic soda 
is used. The lyc boil with soda ash, preceded by a lime boil, gives 
better results than a caustic soda lye boil preceded by a lime boil. The 
lime boil is the basis of the bleaching with soda ash. In order to obtain 
a uniform white, the saponification of all the oily matters in the cotton 
must precede the destruction of the coloring matter, and it has been 
found that not only have the alkalies and bleaching liquors more ef- 
fect on the coloring matter after the oil has been removed, but also the 
sun’s rays. The fatty matters to be found in cotton cloth include not 

^ lour, Soc, Dyers & Col, 1889, p. 43. 
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only those natural to the fiber, but also those acquired during the pro- 
cesses of manufacture, such as olive, cotton-seed, palm, rape-seed and 
other vegetable oils, as well as tallow; these are all more difficult to 
saponify than the natural wax, especially tallow. From a scries of ex- 
periments using alkaline solutioub at ioo° C, it was found that caustic 
soda saponifies the fats occurring in cotton in half the time that soda 
ash docs ; there is also little difference between the time taken by caus- 
tic soda of a strength of 5 gins, per liter and of 10 gms. per liter to 
saponify the fats. On the contrary, there is a great difference in the 
case of soda ash, and also in the case of a mixture of caustic soda 
and resin. The mixture of soda ash and resin does not saponify the 
fats any quicker than without resin. In the lime boil (using 10 gms. 
per liter of caustic lime) the natural fats were saponified in 6 hours 
w'hile it required 12 hours to saponify tallow. Baryta water gave a 
saponification but it was not complete. By heating under pressure at a 
temperature of 120° C., caustic soda, with or without resin, saponified 
the natural f;<ts in 4 hours. Without resin, tallow required 12 hours 
for saponification, while with resin 8 hours was sufficient. Caustic lime 
of 10 gms. per liter under pressure but without circulation saponified 
the natural fats in less than 2 hours, and tallow in les‘^ than 4 hours. 
Hence, the conclusion in this respect was that to obtain a rapid and 
complete saponification, it is necessary to use the lime boil or the caus- 
tic soda and resin boil. Barytes also appears to act as a solvent for the 
coloring matter of the fiber, for cotton boiled with it was much clearer 
than when boiled with lime. The addition of larger amounts of resin 
than 2^ gms. per liter with the caustic soda boil docs not hasten the 
saponification. 

4. Alkalies and Oxidizing Agents. 

Caustic soda acts very energetically in the removal of the various 
waxy and resinous matters in cotton and hence it requires less time 
in boiling-out ; but care must be had in its use, especially with reference 
to allowing the cotton to be exposed to the action of the air while sat- 
urated with the hot lye. I'he action of alkalies in general, and of caustic 
soda in particular, on cotton commands attention by reason of the in- 
creased use of this latter body for boiling-out of cotton previous to 
bleaching. Even in cold, dilute solutions, caustic soda acts rapidly 
on cotton, and in fact on cellulose fibers in general, and enters into 
combination with them, without, however, causing any reduction in the 
tensile strength of the fiber. Mills found that cellulose absorbs 0.02 
percent of caustic soda after 3 minutes immersion, and according to 
Vignon, the amount of heat disengaged during this reaction is 0.58 
calory per 100 gms. of cotton. This chemical reaction explains, to 
some extent at least, the reason why caustic soda dissolves with such 
readiness the impurities present in cotton and linen. As to the effect 
of temperature, it may be said that even at 120'’ C. caustic soda does 
not seriously deteriorate the strength of cotton, provided the strength 
of the solution is not over i to 2 percent and that no oxidizing agents 
are present. If the solution, however, contains more than 3 percent 
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of caustic soda, the cotton will rapidly dissolve, and under the condi- 
tions given, the loss in weight will reach 12 percent when a pressure 
of 14 pounds is maintained. Even dilute solutions of caustic soda in 
the presence of air and at temperatures above 100° C. will rapidly 
attack cotton, producing an oxidation of the cellulose. Weber * gives 
some interesting facts concerning the tendering of cotton by alkalies 
in the presence of oxidizing agents. In his experiments, cotton was 
exposed for 6 hours to an alkaline treatment in connection with oxy- 
gen or air, boiling baths containing 5 percent of various alkalies and 
alkaline salts being used. The following is a summary of his results : 

Loss percent of tensile strength 


With 5 percent solutions of 


Steam and 


Steam and 

Caustic soda 

Oxygen 

Oxygen 

Air 

Air 

.. 11.05 

177 

5*2 

9.2 

Caustic potash 

. . . 22.8 

29.8 

84 

11.7 

Sodium carbonate 

8.2 

10. 1 

3-9 

54 

Potassium carbonate 

• 137 

16.4 

5.3 

2.8 

Borax 

. . 5.9 

6.8 

2.2 

2.8 

Sodium phospliate 

• 3.1 

3.5 

2.05 

2.3 


Caustic soda under such conditions will cause a rapid deteriora- 
tion in the strength of the cotton, as in the presence of air the soda lye 
converts the cotton into oxyccllulosc, a brittle and friable substance. 
After scouring with caustic soda, the wasliing should also be thorough, 
especially if the material is afterwards to be exposed to the air be- 
fore other operations have had a chance to remove the lye. Sodium 
carbonate acts on the impurities of cotton in the same manner as caus- 
tic soda, only i"s action is slower. There is also less danger of injur- 
ing the fiber wh^'n using soda ash; and again in the case of bleaching 
fabrics containing colored yarns woven with white, it is always best 
to use soda ash for scouring, as caustic soda, even in dilute solutions, 
will destroy many colors which much stronger solutions of soda ash 
will not injure. A mixture of soda ash and caustic soda, known as 
“salt-of-soda,’’ is frequently used by bleachers for scouring cotton. 
The general proportion of this mixture is 15 to 20 percent of caustic 
soda and <So to 85 percent of soda ash. Instead of using sodium com- 
pounds the corresponding potassium compounds may be employed, 
but these are seldom used as they are no more efficient and they are 
much higher in price. Sodium sulfide has been found to be a very 
efficient scouring agent for cotton, but on account of its destructive 
action on metallic pipes and other fittings, and also as it is decom- 
posed by chlorine with the separation of sulfur in the fiber, it has 
not been directly available for bleaching purposes. All alkaline sul- 
fides appear to be more active than caustic alkalies in dissolving the 
impurities from the cotton fiber. And as under proper conditions they 
have no injurious action on the cotton, they would appear well adapted 
for use in the boiling-out of cotton previous to bleaching; they are not 
of practical use, however, owing to their corrosive action on metal ves- 
sels, and to the fact that if not very thoroughly washed out of the 

* Jour. Soc. Chem. Ind., 1893, p. 118. 
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^oods, the sulfides will react with the chloride of lime solution and 
thus cause loss of chlorine. Alkaline sulfides are also liable to act 
injuriously on cotton, especially if exposed to the air, unless consider- 
able precautions are employed. Sodium bisulfite may be used for 
scouring cotton, as it readily acts on the foreign matters present. It 
is seldom employed by itself, but many bleachers add some of it to 
the soda lyes, the usual proportion being one part of sodium bisulfite 
to six parts of caustic soda. 

5. Effect of Pressure in Boiling-out. 

Besides the action of alkalies in the boil-out there must also be 
considered the effect of pressure. At the present time cotton is nearly 
always hoiled-out in pressure kiers with suitable circulation of the 
liquor. With respect to the effect of pressure it may be said this is 
very necessary in the case of cotton containing a high proportion 
of motes and woody particles. Boiling without pressure will not de- 
compose these highly resistant particles unless continued for an un- 
duly long period of time, a condition which is liable to cause injury to 
the cotton. 

With the usual caustic lyes employed it seems that pressures as high 
as atmospheres may be used without injury to the fiber: the cus- 
tomary pressure used, however, is about 12 to pounds. The use oF 
pressure in boiling-out considerably shortens the necessary time of 
treatment and also ensures a more uniform and thorough impregna- 
tion of the material. It is only on very clean combed yarns that it is 
possible to obtain a very thorough and complete boil-out without the 
use of pressure. 

The degree of pressure most satisfactory for boiling-out varies 
with the size of the kier; for instance, in a small kier (for 1,000 lbs. 
of yarn) a good boiling-out may be given at about 8 pounds pressure 
in 2 to 3 hours, whereas a kier four times the size (for 4,000 lbs. of 
varn) may require 15 to 25 pounds pressure for 8 hours.* 

6. Requirements for Complete Boiling-out. 

The time required in boiling-out for the complete saponification or 
emulsification of the fatty and waxy matter, as well as the other mis- 
cellaneous impurities accumulating during manufacturing processes 
and also including sizing materials, depends on the strength of the al- 
kaline Ive in the first place, also on the character of the alkali (par- 
ticularly with regard to its hydroxyl ion concentration), as well as the 
temperature, pressure and nature of the circulation of the liquid. 
There must also be considered the emulsifying efficiency, or cleansing 
effect, of the lye. In regard to this latter action it may be remarked 
that soap and soluble oil are frequently added in conjunction with the 
alkali in the boil-out liquor, these materials being used principally 
for their general cleansing effect in giving an increased emulsifying 
efficiency to the scouring solution. This is particularly advanta- 
geous when mineral oil is to be removed from the cotton, as in this case 

^ Ocsterrcichs Wollcn und Lcinrn Industrie, 1910, p. 500. 
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the scouring efficiency of the alkali is much increased by the addi- 
tion of a small amount of soap or soluble oil (sulfonated, Turkey-red, 
or Monopole oil). The same thing is true as to the use of resin In 
the lye boil, this product forming a soap with caustic alkali that pos- 
sesses high emulsifying properties. 

The action of the caustic soda, or milk of lime, on the fatty mat- 
ters in cotton is generally spoken of as saponification; that is to say, 
an action resulting in the chemical combination of the fatty matter 
with the alkali base to form a soluble soap. Just to what extent actual 
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.<^aponification takes place with the rather dilute solutions of caustic 
alkali employed is a cjuestion; there is probably more of an emulsifi- 
cation of the fatty matters than a real saponification. This view is 
also furthered by the fact that most of the natural greasy matter on 
the cotton is a wax rather than a fat, and waxes are not subject to the 
same character of saponification as the fats. 

It might be argued from this that the use of a pure soap solution 
would be more efficacious as a boil-out medium than alkalies; but 
such does not seem to be the case, as the use of soap alone does not 
seem to be severe enough in its action. It must be remembered in this 
connection, also, that besides the fatty or waxy matters naturally pres- 
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cnt in cotton, there are furthermore various albuminous substances 
present, which it is also the function of the boil-out to remove, and 
probably this requires a vigorous alkaline treatment. In addition to 
this, the cost of soap is much higher than that of caustic soda. 

The effect of soluble oil in cleasing cotton in the boihout is so ef- 
fective as far as color goes in comparison with that of caustic soda 
alone that various attempts have been made to give cotton a partial 
bleach by this means without passing through a hypochlorite treat- 
ment. Hie process of G. Hcrtcl,'^ for example, is to impregnate cotton 
yarn with Turkey-red oil, dry it, and then lx)il in a caustic soda lye 
for 6 hours under 2 atmospheres pressure, followed hy thorough rins- 
ing, souring, and soaping. In this manner it was claimed to be able to 
obtain a three-(|uarter bleach without the use of chlorine. While the 
result may have been fairly satisfactory the cost was too great owing 
to the large amounts of Turkey-red oil and soap that were required. 
Another method by G. Saget calls for the impregnation of the cotton 
with 8 percent of Turkey-red oil, drying, and steaming for ijG hours 
under 7 pounds pressure, rinsing in hot water, and then boiling-out 
with lime. 

Suggestions have also been made to add soluble oil to the milk of 
lime in a lime boil. The result of this, however, according to the 
investigations of Scheurer® is to cause oil spots to form in bleaching 
owing to the insoluble lime soap that is formed, therefore the process 
is to be condemned. 

Knecht and Allan ^ in a detailed investigation of cotton-wax show 
that it is not saponified to any extent when boiled with a semi-normal 
solution of aanholic potash, and therefore it would scarcely seem 
likely that any saponification can take place in the alkaline treatment 
to which cotton goods are subjected by boiling in the kier. That the 
fatty acids present in the crude wax arc rcadilv removed by boiling 
with caustic soda is no doubt true, and it is possible that the soap thus 
formed will remove some of the wax as an emulsion ; but it has been 
shown by analysis of cotton before and subsequent to boiling-out that 
only a minor part of the wax is so removed. Knccht gives the fol- 
lowing results of his experiments: 


Hours Percentage of 


Reagent 


Boiled 

Wax Removed 

I Soda Ash, 4° Tw 


4 

30 

2 Caustic Soda, 2® Tw 


4 

28 

^Caustic Soda, 2® Tw 


4 ^ 

45 

iSoap (5% on wt. of cotton) 



^Caustic Soda, 2° Tw.. . . 


4} 

64 

^ JSoap (5% on wt. of cotton) 


2S 

^Caustic Soda, 2® Tw 


• } 4 

73 

^ I With resin soap 


....i 



In these tests the boiling-out was conducted without pressure. 

‘C 7 er. Pat. 75 . 435 -. 

* Mulhausener Berichte, 1903 . 

'’Jour. Soc. Dyers & Col., 1911, p. 145. 
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7, Value of Soaps in Boiling-out. 

As to the value of difTercnt soaps in the boiling-out of cotton this 
depends largely on the content and nature of the fatty acids from 
which the soap is made. In this connection it appears that resin soap, 



though not a fatty acid compound, is particularly efficacious. Acid 
soaps, such as Turkey-red oil. Monopole Soap, etc., give somewhat 
more stable emulsions, particularly in the case of fatty mixtures. 
These products also differ in their action from soap in that they do 
not give a precipitate with hard water. The use of ordinary soap as 
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an addition to the kier in boiling-out when hard water is employed 
results in the formation of an insoluble lime soap which may be 
absorbed by the fiber and become difficult to remove subsequently. 
This may lead to serious faults in bleaching which may not develop 
until some time after the goods are finished. It might be thought 
that as the soap is always used in the kier boil-out in connection 
with proportionately large quantities of caustic soda or soda ash, 
the formation of any lime soap would be avoided by the softening 
effect of the alkali on the water; but it must be remembered that in the 
boil-out the water is not separately treated and filtered so as to remove 
the lime compounds, but that the soap and the lime are being boiled up 
togetlier under conditions which no doubt would lead to the formation 
of some lime soap notwithstanding the simultaneous presence of the 
alkali. It is true, nevertheless, that where a large excess of alkali is 
jjrcscnt the precipitated lime soap is for the most part decomposed or 
converted into the soluble double salt of lime-soda fatty acid com- 
pound. 

8. Use of Volatile Solvents. 

Another modification in the general scheme of boiling-out is the 
use of direct solvents for the fats and waxes. Benzine (or naphtha) 
and naphtha soaps have been suggested as additions to the kier liquor. 
Other solvents such as turpentine, phenol, aniline, carbon tetrachloride 
and similar bodies have been tried. These arc usually emulsified with 
soap and used in that form. Certain proprietary compounds such as 
Tetrapol and Benzoform have been put forward as boil-out assistants, 
'file clefect in the use of any kind of volatile solvent, however, is in 
the fact tliat under the conditions of boiling-out the solvent is quickly 
evajjorated and that it is a matter of conjecture as to whether it really 
has a chance to exert any solvent action at all. 

9. Air as a Factor in Boiling-Out. 

The inllueiice of air in boiling-out is another factor to be con- 
sidered. It has already been mentioned that the presence of air in 
the kier during the boil is liable to lead to the formation of oxy- 
ccllulose and result in defective bleaching. Air may be present in the 
kier from several causes (a) the residual atmospheric air left after 
filling the kier ; the kiers are never filled completely to the top, and be- 
sides there is a large quantity of air held in the cotton. This air ac- 
cumulates at the top of the kier soon after the goods are heated, and 
it is customary to evacuate it through a valve suj)plied for this pur- 
pose. (b) The air introduced into the kier by the water and solu- 
tions used; cold water holds in solution an appreciable amount of 
air which is expelled on heating, (c) The air introduced with the 
steam. 

The last, perhaps, is the most important item to consider, as the 
air from the first two causes is almost completely gotten rid of when 
the boiling of the kier is first started by opening the air-valve. The 
air that is introduced with the steam, however, is continually being 
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brought into the kier by the constant admission of the steam, and 
this air comes in contact with the goods at a high temperature and 
when saturated with the alkali. In this connection it is to be noted 
that caustic soda and lime behave differently in the kier. From ex- 



Fig. 122. — Allen Kier, Old Type. 

periments conducted by 11. Thies it was found that after 45 minutes 
of steaming of goods that contained no lime the oxygen of the air 
introduced by the steam was not absorbed; on the other hand when 
the treatment was made with goods containing lime practically all the 
oxygen was absorbed though the goods were not tendered. In using 
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caustic soda of the same equivalent strength as the lime no absorp- 
tion of oxygen was noticed, but by increasing the strength of the 
caustic soda fivefold, it was found that all the oxygen was absorbed, 
and that the goods surrounding the central pipe of the kier admitting 
the steam were tendered and discolored. These experiments are sig- 
nificant and indicate that while with lime the air acts on the material, 
this action is slow and if any oxycellulose is formed with the cotton it 
is evenly distributed and causes no tendering, though it is more prob- 
able that with the lime the air acts on the impurities rather than on 
the fiber itself. With caustic soda at proper dilution the air has no 
action, but if the caustic lye becomes concentrated the action is rapid 
and destructive. Thies also showed that the kier liquor after the 
boiling has progressed becomes reducing in its action in the case of 
jjoth lime and caustic soda. This reducing action being shown by 
the fact that samples of indigo dyed cloth became discolored, ap- 
parently by the reduction and solution of the indigo from the fiber. 
This action of the kier liquor, in fact, is now well known to bleachers 
who have to boil-out and bleach cotton goods that contain colored 
yarns. I'hies sought to take advantage of this reducing action of 
the kier liqtior by passing the goods through an old kier liquor previ- 
ous to packing them in the kier, it being supposed that the reducing 
action of such liquor might prevent any bad effect due to oxidation by 
the air in the kier. Modern kier practice seems to indicate, how- 
ever, that this is unnecessary. With the care that is now taken for 
(he total expulsion of the residual air in the kier on first starting the 
boil, and the use of dilute caustic soda as the boil-out liquor, there 
does not seem to be any good reason to fear the effect of the air in- 
troduced by the steam. 

The possible influence of the air introduced by the steam used in 
boiling, however, has been considered in the construction of special 
forms of kiers to obviate this objection. Tn (he old Thies-Hcrzig kier 
and in the newer Walsh kier the construction is such that no steam 
comes in direct contact with the cotton and hence the tendency towards 
any formation of oxycellulose due to this cause is entirely avoided. 
Tbe kier liquor is heated in an outside auxiliary boiler and circulated 
I)y means of a pump. 

10. Removal of Starch in Boiling-out. 

Of the several classes of impurities in cotton probably the 
one which is least affected by the ordinary process of boiling-out is the 
starch (or similar related product used for sizing the yarns). In the 
case of the lime-soda boil there is no doubt but that considerable 
starch is left undisturbed. With the caustic soda boil a larger pro- 
portion of the starch is removed. This problem has led to the sug- 
gestion of using an acid treatment on the goods previous to boiling- 
out for the purpose of converting the starch into an easily soluble 
product. For this purpose Thies recommended running the goods 
through a bath containing lo gms. of sulfuric acid and ^2 of 
hydrofluoric acid per liter and then steaming for 20 to 60 seconds, 



222 


BLEACHING 


After this the g-oods are run through an alkaline kier liquor and into 
the kier for boiling. The use of acid in this connection, however, is 
dangerous, as when operating under practical mill conditions it is not 
always easy to avoid tendering the goods. 

Another treatment for the removal of the starch which is perhaps 
even far more efficacious and at the same time unaccompanied by 
any elements of danger to the cloth, is to give the goods a prelimi- 
nary treatment with a malt enzyme solution (such as Diastafor, Diax 
or Polyzime) which renders the starchy matters readily soluble. So 
successful has this method of treatment been found that it is now 
very extensively practised, as by its use it is possible to much reduce 
the severity of the alkali boil in the kier. The enzyme action not only 
solubilizes the starch but it also seems to render the pectin matters of 
the cotton fiber itself more amenable to the scouring effect of the alka- 
line liquors in the kier, giving a purer kier liquor and a cleaner cotton. 

II. Determining Completeness of Boil-out. 

There is a considerable difference of opinion as to just what may 
be considered a complete boil-out of cotton ; that is to say, when is the 
boiling-out process to be considered as finished? What means are 
there of ascertaining if the impurities have been completely removed 
from the fiber? To what extent must these impurities be removed 
in order to have a good or a bad boil-out? These questions are nat- 
urally very pertinent ones, but apparently in practice they are not 
answered or even considered in any systematic manner, but the re- 
liability of the boiling-out process is gauged by the quality of the 
final bleach after all of the operations of bleaching have been com- 
pleted. Suggestions have been made by chemists to determine the 
completeness of the boil-out by some analytical investigation of the 
boiled-out goods, usually with a reference to the amount of fatty 
bodies still left in the goods.** Ambiihl,^ for instance, gives the follow- 
ing analyses of cotton yarn ; 

Free Fat Fatty Acids Ash 

Percent Percent Percent 


Gray yarn 1.0448 0.1359 1.6294 

After boil-out 0.1761 0.0923 0.2230 

After bleaching 0.0210 0.0433 00571 


There is no doubt but that in all practical boiling-out of cotton 
there is some fatty matter still left in the material, and in the case of 
cloth it is doubtful if absolutely all the starchy matters of the size arc 
removed. As to the proportion of removal of the so-called pectin 
bodies of the fiber there is no definite data on which to rely, and the 
same is also true perhaps of the nitrogenous or protein matters on 
the fiber. The textile chemists are perhaps more at fault in this mat- 
ter than the practical operating bleacher, for it is really due to the 
failure or inability of the chemist to devise a satisfactory and prac- 
tical method of testing boiled-out cotton in order to determine defi- 
nitely the quality of the boil-out that the bleacher himself has had 

* Jour, Soc. Dyers & Col., 1903. P. 256. 
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to fall back on the only practical test he knows of — that of finding 
if the final bleached article is of a satisfactory quality. There is a field 
here, however, for considerable chemical research in the study of the 



Fig. 123.— Taylor Kicr. 

operations of the boiling-out process and the development of a proper 
method of testing the quality of the boiled-out goods in order to 
check the character and completeness of the operation. 
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12. Boiling-out by Steaming. 

Another feature in the general consideration of the boiling-out 
process is the use of a form of kier in which the cloth is not really 
boiled at all. Reference is here had to opcn-widtli method of boil- 
ing as practised, for instance, in the Mather-Platt kier. In this proc- 
ess the cloth is contained on two cylinders from which it is rolled back 
and forth during the treatment, being subjected to the action of steam 
under pressure while the fiber is impregnated with the alkali liquor. 
This is really a steaming operation rather than a boiling-out process, 
and the alkali liquor becomes concentrated on the cotton. Such meth- 
ods of treatment, however, do not seem to have met with much practi- 
cal success, for it appears that if the process is so conducted as to 
be made severe enough to remove satisfactorily the impurities of the 
fiber there is too much danger of the formation of oxycellulose and the 
consequent tendering and discoloration of the goods. The improved 
method of Thies-Herzig, however, in which the goods are subjected 
to the action of a steam and alkali foam free from air seems to have 
shown good results and has considerable practical application in Ger- 
many. 

13. Use of Sodium Bisulfite. 

Another variation in the matter of boiling-out is the use of sodium 
bisulfite in the kier. This is usually employed in connection with 
caustic soda and probably receives its suggestion in the matter of 
boiling-out cotton from the fact that bisulfite liquors arc so extensively 
and efficiently employed for the cooking of wood-pulp in the prepara- 
tion of paper fiber. The use of caustic soda in connection with the 
bisulfite, of course, results in the neutralization of some of the 
caustic soda and the consequent formation of some neutral sodium 
sulfite. The use of vSodium bisulfite for boiling-out cotton, however, 
does not seem to have come into very general practice, and there- 
fore it may be presumed that it does not furnish satisfactory results. 

Various other additions have been suggested in the matter of 
hoiling-out compounds. For instance, it has been recommended to use 
a small amount of an oxidizing agent such as potassium bichromate, 
permanganate or perborate, especially in the case of boiling-out goods 
that contain colored stripes or patterns of vat dyes or indigo. This 
has been suggested for the purpose of preventing the reducing action 
of the kier liquor from destroying the color. Generally speaking, 
however, none of these processes have met with any degree of prac- 
tical success, either from the fact that the energetic oxidizing action 
of the substances used caused a deterioration in the strength of the 
fiber, or by reason of the high cost of the process. Peroxides, how- 
ever, have been used in connection with alkalies in the kier boiling 
of cotton with a certain degree of success, especially where it is de- 
sired to obtain a partially bleached material by one operation in the 
kier. This process is used to quite some extent in the simultaneous 
bleaching and dyeing of cotton knit-goods for the production of cer- 
tain light shades of mock Egyptian, light blue, etc. The dyes of 
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course that are required must withstand the action of the peroxide 
and alkali boil. This method is much practised in America and is 
known as the “Autogyp” process. 

14. Use of Steeping Process. 

A feature of the boiling-out process which is not considered as 
much as it was formerly is the preliminary steeping of the goods in 
hot water previous to the kier boiling. This was nearly always done 
in former days before the advent of the pressure kier, and it seemed 
to be particularly necessary in the bleaching of linen. The steeping 
process had its good points in that it helped very materially to remove 
the impurities from the goods. It is highly probable that there was 
a distinct fermenting action taking place in the steeping process, and 
this rendered the starchy and pectin matters much more soluble than 
would have been the case if the goods had not been steeped. At the 
present time the steeping operation is still practised to some extent in 
the bleaching of linens, but with cotton goods it is seldom if ever used 
as a previous operation to boiling-out. It is probably too costly in ex- 
penditure of time and labor for the benefit obtained over the ordinary 
method now in use. 

Steeping of cloth is really to be considered as a preliminary proc- 
ess to boiling-out. It is not so much practised at the present time 
as formerly, owing perhaps to improvements in the construction and 
operation of kiers which have lessened the importance and value of 
this process. It is said, however, that steeping is of more importance 
in the caustic soda boiling than when lime is used. The chief object 
attained in st'-cping is probably the softening and opening up of the 
fiber so that ii may become more readily impregnated with the kier 
liquor. It is also a considerable aid in the disintegration and removal 
of the starchy sizing materials and even some of the pectin materials 
on the fiber. This is especiallv the case when the steeping operation 
is so conducted as to permit of a fermentation being engendered, and 
this is readily brought about by steeping the cotton in warm water 
for some hours. The most favorable temperature in this case is about 
140° F., and care must be had not to allow the fermentation to be- 
come too active as otherwise the fiber itself may be attacked by the 
micro-organisms. The water employed for steeping should also be 
carefully looked into as the use of water containing moulds and putre- 
fying bacteria may result in the growth of mouldy spots on the cot- 
ton which arc subsequently very difficult to remove. The steeping 
operation as modified by the use of infusions of malt extracts is con- 
sidered elsewhere as a separate process. Sometimes the steeping is 
conducted in acid liquors with the idea that the dilute acid will effect a 
partial hydrolysis of the starch and sizing materials and is also of aid 
in the dissolving and removal of miscellaneous dirt, so that the gen- 
eral impurities on the fiber are loosened up and thus are more easily 
removed in the kier boiling. The use of acid steeping liquors, how- 
ever, in this connection is rather a dangerous procedure, owing to the 
difficulty of avoiding acid spots leading to tendering of the cotton. It 
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is also doubtful if steeping in cold and very dilute solutions of acid 
has the effect of hydrolyzing or solubilizing much of the starch in the 
size, and the use of hot liquors of this character would be accom- 
panied by considerable danger to the goods. In the use of acid steep- 
ing liquors it is also necessary to keep the goods well submerged be- 
neath the surface of the liquor, as otherwise local drying will occur 
with the formation of acid spots, which will afterwards show up as 
tender and discolored places. 

The use of an acid steeping liquor is utilized in the Thies-Herzig 
process, for according to Georgevics,® in this process the goods arc 



first steeped in a sour containing i percent of sulfuric acid (oil of 
vitriol, 6o percent) together with 0.005 percent of hydrofluoric acid 
(75 percent). The reaction may be accelerated by steaming the goods 
for 30 seconds before washing. After washing, the cloth is steeped 
overnight in a 0.5 percent solution of soda ash, and after this they 
are soaked in a 0.0005 percent solution of magnesium chloride, 
wrung out and then passed into the kier where they are boiled with 
a 7 percent solution of caustic soda. This preparation for boiling-out 
seems rather complicated and time-consuming and it is doubtful if it 
accomplishes results which are at all commensurate with the expense. 
The use of the magnesium chloride is said to allow of boiling with 
more concentrated alkali than otherwise, but as the magnesium salt acts 

* Chemical Technology of Textile Fibers, p. 69. 
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in this manner simply because it neutralizes some of the caustic soda, 
the argument for its use does not seem to be sound. 

15. Packing of Kier. 

Careful packing of the goods (whether skeins, warps or cloth) 
in the kier for boiling-out is very essential to the production of satis- 
factory results. Special care should be taken to avoid the occur- 
rence of vacant or loosely packed spaces where steam or air could 
accumulate. Also it is needless to say that the packing should be car- 
ried out in such a manner as to give as homogeneous a mass as possible 
so that the liquor will not tend to form channels when circulated. 
It is hardly possible to give a written description of a method for 
properly packing a kier, as the exact details will depend so much on 
the kind and character of the goods and the construction and form 
of the kier. This technique can only be acquired by considerable prac- 
tice and careful observation. The use of mechanical coilers is only 
useful as an adjunct to hand operation, as it is only with the latter 
coupled with personal skill that a kier can be properly packed. It is 
usually considered best to saturate the goods with the kier liquor be- 
fore they are packed in the kier, as then the kier boiling can be started 
up with much more case than when the dry goods are used. In the 
case of skein yarn, of course, it will hardly be possible to first impreg- 
nate the material, but with warps and cloth it is comparatively easy 
to give a suitable saturation previous to running into the kier. Gen- 
erally all that is necessary is to run the fabric through a box containing 
the caustic soda or milk of lime liquor and then through squeeze rolls 
and thence to ihe kier. 

16. Bleaching Without Boiling-out. 

There arc isolated methods of bleaching generally known as 
“cold bleaching” where a boiling-out process is dispensed with en- 
tirely and the bleaching results are obtained by the use of hypochlorites 
in connection generally with soap liquors. While such methods may 
have found some use in a small way in particular instances of bleach- 
ing, apparently they have never been adopted in a large way for mill 
bleaching, and arc only of interest in indicating that cotton may be 
bleached even rather satisfactorily without the use of a boiling-out 
operation. 

While numerous recipes have been given from time to time for the 
preparation of the boil-out liquors for the kier, it is not well to recom- 
mend any one for general use. The particular kind of goods being 
treated, the method of operating, and the kind and construction and 
size of the kier to be used are all factors in determining the exact 
nature of the mixture or alkalies to use. These problems will be 
more completely discussed under the different processes of boiling- 
out. A large number of patents have been taken out for various com- 
positions relating to the boiling-out of cotton, and while many of these 
are interesting, it is seldom that any of them are of any practical use. 
The bleacher himself usually develops a composition of his own to 



228 


BLEACHING 


meet the special requirements of the various conditions under which he 
operates. 

There have also been attempts made to recover the alkali from 
spent boil-out liquors, but these have never met with any practical 
success owing to the fact that these liquors are quite dilute and are 
contaminated with such a large quantity of organic impurity, fats, 
waxes, starchy products and miscellaneous ingredients. During the 
process of boiling-out a great deal of the alkali is used up and it 
apparently docs not pay to recover the rest as is the case with the 
cooking liquors from the soda pulp process in paper making. 
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in this manner simply because it neutralizes some of the caustic soda, 
the argument for its use does not seem to be sound. 

15. Packing of Kier. 

Careful packing of the goods (whether skeins, warps or cloth) 
in the kier for boiling-out is very essential to the production of satis- 
factory results. Special care should be taken to avoid the occur- 
rence of vacant or loosely packed spaces where steam or air could 
accumulate. Also it is needless to say that the packing should be car- 
ried out in such a manner as to give as homogeneous a mass as possible 
so that the liquor will not tend to form channels when circulated. 
It is hardly possible to give a written description of a method for 
properly packing a kier, as the exact details will depend so much on 
the kind and character of the goods and the construction and form 
of the kier. This technique can only be acquired by considerable prac- 
tice and careful observation. The use of mechanical coilers is only 
useful as an adjunct to hand operation, as it is only with the latter 
coupled with personal skill that a kier can be properly packed. It is 
usually considered best to saturate the goods with the kier liquor be- 
fore they are packed in the kier, as then the kier boiling can be started 
up with much more case than when the dry goods are used. In the 
case of skein yarn, of course, it will hardly be possible to first impreg- 
nate the material, but with warps and cloth it is comparatively easy 
to give a suitable saturation previous to running into the kier. Gen- 
erally all that is necessary is to run the fabric through a box containing 
the caustic soda or milk of lime liquor and then through squeeze rolls 
and thence to ihe kier. 

16. Bleaching Without Boiling-out. 

There arc isolated methods of bleaching generally known as 
“cold bleaching” where a boiling-out process is dispensed with en- 
tirely and the bleaching results are obtained by the use of hypochlorites 
in connection generally with soap liquors. While such methods may 
have found some use in a small way in particular instances of bleach- 
ing, apparently they have never been adopted in a large way for mill 
bleaching, and arc only of interest in indicating that cotton may be 
bleached even rather satisfactorily without the use of a boiling-out 
operation. 

While numerous recipes have been given from time to time for the 
preparation of the boil-out liquors for the kier, it is not well to recom- 
mend any one for general use. The particular kind of goods being 
treated, the method of operating, and the kind and construction and 
size of the kier to be used are all factors in determining the exact 
nature of the mixture or alkalies to use. These problems will be 
more completely discussed under the different processes of boiling- 
out. A large number of patents have been taken out for various com- 
positions relating to the boiling-out of cotton, and while many of these 
are interesting, it is seldom that any of them are of any practical use. 
The bleacher himself usually develops a composition of his own to 
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In the question of kier-boilin^ witli lime these remarks are particularly 
pertinent, as early methods of boiling-out often called for certain de- 
tails which, once considered very essential, were subsequently found 
to be useless complications and encumbrances. 

It is probably impossible to determine at this time just when lime 
was first introduced for the kier-boiling of cotton; it was introduced 
evidently in the first years of the last century, for we have records at 
that time (1805) showing that its use for this purpose was forbidden 



by law as detrimental to good bleaching. Parkes (1815), however, 
mentions the use of milk of lime in England as the widely accepted 
method of boiling-out, so evidently the lime boil came into use rather 
quickly. 

Lime, however, was apparently used at a very early date in con- 
nection with bleaching, for the Greek writer Xenophon (about 370 
B. C.) tells of a ship loaded with linen fabrics and lime for their 
bleaching being wrecked near Marseilles, because a leak was struck 
in the bunker containing the lime. In the Middle Ages, however, the 
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rules of the bleaching trade guilds forbade the use of lime for fear of 
injuring the cloth. 

The idea of employing the soda boil after the lime boil was intro- 
duced by an American, Mr. Dana, of the print mills of Prince and 
Dana, of l.owell, Mass. This led Albert Scheurer, of Mulliausen, to 
study the subject carefully and modify and greatly simplify the method 
of kier-boiling with lime. Scheurcr’s developments may be shown as 


follows 




1835 


1837 

I. 

Steeping in water 

I. 

Lime boil 

2. 

Lime boil 

2. 

Sour with hydrochloric 

3. 

First caustic soda boil 

3 - 

First soda ash boil 

4. 

Second caustic soda boil 

4 - 

Second soda ash boil 

5 * 

Ageing, chloring, souring 

5. 

Souring 

6 . 

Third caustic boil 

0. 

Chloring 

7. 

Ageing and chloring 

7. 

Souring 

8. 

Fourth caustic boil 

8. 

Washing 

9. 

Chloring and souring 


10. 

Washing 




It may be seen from this that under the influence of Dana’s dis- 
covery Sclieurcr greatly simplified the bleaching process in Europe, and 
prepared the way for a much greater simplification later on in the 
boiling-out process. In the Dana process itself there was no sour 
with hydrochloric acid between the lime boil and the soda boil; this 
idea was introduced ai)parently by Scheurer and was a distinct im- 
provement. Moreover Scheurer was perhaps the first to bring a 
thorough chemical knowledge to bear on the subject and to furnish a 
clear explanat v^n of the probable action of the lime, the soda ash 
and the reason lor introducing a sour after the lime boil. It is not 
to be understood from these remarks, however, that Scheurer was the 
first to introduce souring (treatment with dilute acid solutions) as a 
process in the treatment of cotton previous to bleaching. This was 
quite an old operation, and can be traced back to the use of sour milk 
(which contains lactic acid) as a means of whitening fabrics, and later 
on other acids were employed, including acetic, sulfuric and hydro- 
chloric; but these were all employed as adjuncts to the grass method 
of bleaching, and Scheurer was the first to introduce it in connection 
with the boiling-out process. Home in the latter part of the eigh- 
teenth century in fact mentions the substitution of sulfuric acid for 
sour milk in the bleaching of fabrics. 

Scheurer selected hydrochloric acid in place of sulfuric as he knew 
that the chloride of calcium was much more soluble than the sulfate, 
and hence should be more easily removed from the goods. But even 
this fact was recognized by Kurrer in 1831,® 

2. Early Studies of Boiling-out Processes. 

Attention has already been drawn to the fact that real progress 
in the development of the boiling-out process was not possible until 

*Theis, Die Strangbleiche, p. 42, 

* Essai jur le blanchtment des Toilcs, Paris, 17^)2 

* Die Kunst vegetabilische Staff e £u Bletchen, p. 24. 
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the introduction of chemical science allowed of a clear understanding 
of the nature of the impurities on the fibers and of the action of the 
various chemicals available on these, and also on the fiber itself. In a 
French book published in the eighteenth century by D’Apligny on The 
Art of Dyeing Cotton, and translated into English in 1789, there is a 
passage on the bleaching of vegetable fibers which is entertaining, if 



not instructive. D'Apligny writes as follows : 'The process of bleach- 
ing is nearly the same in all countries; it differs only in the time and 
mode of operation. This difference is not to be wondered at, since it 
is founded on the nature of the material to be expelled in whitening. 
Flax, hemp, and all other vegetable substances capable of producing 
thread are impregnated with a considerable quantity of sweet oil, not 
volatile, mixed with the mucilage of the plant. Fixed alkalies com- 
bined with the oily particles, form together a soap, the solution of 
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which in water would be prevented by the niucila?,e forming a mastic 
with the oil; now this mastic can only be detached from the thread 
by exposing it to the heat of the sun, by which this alkali is volatilized. 
But the thread, though washed and several times dried, is not yet suf- 
ficiently whitened. I have already said that one portion of the mu- 
cilage which forms the epidermis of the stalks, having been baked by 
the heat of the sun, is so extremely hard that lixiviums cannot touch 
it. Besides, the soapy matter which can neither be volatilized nor car- 
ried off by alternately watering and drying the thread, must by the 
volatilization of the alkali be transformed into an absorbent earth. 
Many bleachers use lime, and by frequently sprinkling and exposing to 
the sun, load the thread with this substance; it is therefore necessary 
to carry it off, which cannot he effected by washing the thread, be- 
cause the earth will not dissolve in water. Acids only are capable 
of destroying it, which with the absorbent earth compose a neutral 
salt, soluble in water, and consequently may be removed by washing 
the thread well. The acids commonly used are sour milk, or an infusion 
of bran or flour of rye kept till it becomes sour. Some imagine that 
the sour whey makes the thread yellow, caused by the oleaginous par* 
tides of tlie milk, and therefore prefer the juice of sorrel. Those who 
understand their own interest have recourse to the oil of vitriol; this, 
though diluted in a great quantity of water, has the property of com- 
pleting the whitening of the thread. In this state it cannot possibly 
iniure the thread in any respect; it detaches the chaffy particles still 
adhering to the thread for want of sufficient maceration, and also the 
earth.’* 

Perhaps th^ first systematic investigation or study of the subject 
of bleaching w. > by the Scottish physician, Francis ITomc.^ He ap- 
parently made definite experiments as early as 1750 on the use of the 
then known alkalies in the boiling of cotton and linen previous to 
bleaching. He came to the conclusion that the use of soda ash in 
boiling should be avoided and in its place there should be used potash 
caustified with one-fourth of its weight of lime. Home also recom- 
mended the use of dilute sulfuric acid as a sour treatment after boil- 
ing-out in place of the treatment with bran water or sour milk. Home’s 
experiments had chiefly to do with the treatment of linen, as cotton at 
that time was little used in its bleached form. A little later, how- 
ever, Giilich ® published considerable matter relating to the bleaching 
and treatment of cotton which contains much of interest. A brief re- 
sume of the process then used to serve as a comparison with the 
methods now in vogue may be of value to our readers. Giilich states 
that first a caustic lime liquor is prepared by mixing clear lime water 
and potash together, using pound of lime and H pound of potash 
for the treatment of each pound of cotton. The cotton varn or cloth is 
then steeped in this lye for 6 to 12 hours, being worked therein with the 
hands or feet to obtain satisfactory im])regnati()n. After this prelimi- 
nary steeping process the goods were given a real boiling in a potash 

'' Essai stir le hlanchimctxt dcs Toilcs, Paris, 1762. 

• Vollstandigcs Fiirbc und Dlaichbuch, Ulm, 1780. 
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Ive and then soured in oil of vitriol and exposed to the sun. These 
operations were repeated a number of times until the desired degree 
of whiteness was obtained. Giilich goes into great detail concerning 
the various steps of tbe process, particularly with reference to the 
preparation of the lye solutions.® 

This will give the reader some idea of tbe ratlier peculiar notions 
then prevailing concerning the purification of cotton. With the intro- 
duction of kier-boiling a far better conception of the process was 
introduced, and since the introduction of exact chemical investigation 
much further progress has been made. It may still be said, however, 
that there is a great field for tbe chemist in this industry. Hardly any 
two bleaclieries even at tbe present time adopt exactly the same 
method of procedure in boiling-out; there is still argument over the 
question of whether tbe lime boil or tbe caustic soda boil is the better; 
some claim even yet that the lime boil will give a bleached white which 
will stand storing better than the caustic soda boil and will not turn yel- 
low with agv": others claim that the opposite is true. All through the 
general process of both boiling-out and bleaching there are points of 
dispute as to whether this method or that method is right. There is 
only one sensible method of settling all of these matters, and that is 
by the systematic investigation of all the various factors in the process 
in an unprejudiced manner, and collecting in this manner a series of 
data which may then be properly collated and compared in order to 
arrive at the standardization of the process. Opinions of one bleacher 
as against another are generally useless and misleading : nearly every 
bleacher has his pet notions concerning the proper conditions of boil- 
ing-out, and he is usually so wedded to these that it is hard to con- 
vince him that some little point which he may consider of great im- 
portance in the ultimate success of his work is really a negligible factor, 
and he turns out an excellent bleach not on account of this mysterious 
factor, but frequently in spite of it 

3. The Lime Boil. 

The first distinct advance in the bleaching of cotton was in the 
development of the lime boil and the more or less standardization of 
that process by means of chemical study and control. Though this 
method is of far less importance at the present time than it was for- 
merly, still it must be studied with considerable care and detail in 
order to make one generally familiar with the subject of bleaching. 

The method of boiling-out cotton with lime involves several opera- 
tions, as follows : 

(a) Boiling with milk of lime in a closed kier 

(b) Souring with dilute sulfuric acid to remove lime compounds. This 

operation is known as the gray-sour 

(c) Boiling with soda ash or caustic soda with or without the addition of 

resin soap 

• Other writers of interest on the matter of boiling-out cotton or linen before bleaching 
are Erxleben, Die bohmische Leinwandhlciche, Vienna, 1812, and Higgins^ Versuch Uber dig 
Theorie und Praxis des Bleichcns, Halle, 1802, 
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At the present time lime boiling is confined exclusively to the treat- 
ment of cotton cloth, and even in this field its use is becoming more 
and more limited as it is gradually being replaced by the caustic soda 
boil. 



It has been claimed in favor of the lime boil that the presence of the 
lime protects the fiber from mercerization. Trotman and Thorp, how- 
ever, point out that this can hardly be tenable, since, if the souring 
process is properly carried out, there will be no lime present in the 
subsequent alkali boil; and further, any calcium sulfate or chloride 
left would be converted into calcium carbonate by the soda ash in 
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tlie alkali boil. When the goods are impregnated with calcium or mag- 
nesium chloride solutions, as in the Thies-Herzig process, strong solu- 
tions of caustic soda may be used without danger of mercerization, but 
in this case there is actually present calcium or magnesium hydrate 
owing to the reaction of the salts with caustic soda. 

It is sometimes claimed that the lime boil is less expensive and 
gives a better “bottoming’' for bleaching than the caustic soda boil, but 
apparently neither of these contentions can be substantiated with ac- 
curate figures or evidence which will bear the scrutiny of scientific in- 
vestigation. That a properly conducted soda boil will give a prepara- 
tion or bottom to cotton which is in every respect complete and satis- 
factory, we believe has been established beyond any question. From 
analyses made on cloth boiled with lime and with caustic soda it would 
appear that in the latter case the removal of fatty matters and nitrog- 
enous compounds was even more complete than with lime. This has 
been confirmed by experiments made by Trotman and Thorp even 
when using liydrochloric acid as the sour for decomposing the lime 
soaps. When sulfuric acid was used the lime left in the fabric was 
quite considerable, amounting in some cases to as much as 0.52 per- 
cent, and consisting partly of lime soap and partly of carbonate and 
sulfate of lime. The following shows the results of these tests: 

Caustic Soda Tame 



Boil 

Boil 

Constituents 

Percent 

Percent 

Ash 

0 26 

0.52 

Free fat 

0.10 

0.26 

Fatty acids as soai) 

m6 

0 22 

Nitrogen 

0.05 

0.70 


'I'lie claim that heavy weight fabrics arc better boiled-out with lime 
than with caustic soda would seem to be rather anomalous as the 
penetration of the caustic soda liquor would be more rapid and thor- 
ough than the lime solution. Furthermore, the question of cost is 
usually argued simply from the point of view of the relative value of 
the chemicals employed, without taking into consideration the greater 
time required, the greater amount of steam and water, and the greater 
complexity of the process in the case of the lime boil necessitating more 
handling of the goods and a greater labor charge. It may be said that 
in th.e boiling-out of all goods that are in a dense package form, such 
as beamed warps, cops, tubes, cheeses, compressed loose cotton and 
sliver, it is always necessary to use a caustic soda boil as the lime liquor 
will not give a satisfactory penetration or impregnation. 

4. Character of Lime Used. 

For the lime boil a good quality of fat lime should be selected. By 
fat lime is meant one which contains but a small proportion of mag- 
nesia and silica, and slakes readily. Care should be taken also that the 
lime has not been exposed too long in the air, as this will convert a con- 
siderable part of it back into the carbonate. In preparing the milk of 

Bleaching and Finishing of Colton Goods, p, 95. 
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lime for use, the lime should be slaked and then diffused through wa- 
ter, for which purpose a sheet-iron tank may be used, and the lime 
should be contained in a cage-like sieve in order to prevent large lumps 



f^iG. 128. Jefferson Kicr with Time Valve and Electric Control Circulator. 

from entering the liquid. The lime should be well stirred into a paste 
in order to insure that there are left no unslaked particles which might 
otherwise “burn” the cotton on coming in contact with it. Lime that 
has any considerable amount of iron in it should not be employed for 
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boiling-out as stains are very liable to result. The following table 
shows the density of milk of lime of various strengths : 


Degree Be. 

Density 

CaO in 100 lbs. 

CaO in 10 gal: 

10 

1.074 

10.6 

13-3 

12 

1.091 

1 1.6 

15-2 

14 

1. 107 

12.7 

17.0 

16 

1. 125 

13.7 

18.9 

18 

1. 142 

14.7 

20.7 

20 

1.161 

15.7 

22.4 

22 

1. 180 

16.5 

24.0 

24 

1.199 

17.2 

253 

26 

1.220 

17.8 

26.0 

28 

1.241 

18.3 

27.0 

30 

I. 2(>2 

18.7 

27.7 


In preparing the lime solution, or rather the milk of lime, usually 
a sheet-iron tank is used provided with a suitable arrangement for 
diffusing the lime through the water. 

At the present time a form of slaked lime known as “chemical lime’'’ 
is quite extensively used, and this can be made up into a milk of lime 
liquor directly by simply mixing with water, and in this way the dis- 
agreeable features of slaking large lumps of cjuicklime arc avoided; 
also the use of this powdered chemical lime docs away with the danger 
of small particles of unslaked lime getting into the liquor. This is a 
feature which is often a source of trouble as it may give rise to de- 
fects in the cloth, as already pointed out. Chemical lime, however, 
is somewhat more expensive than lump quicklime, and this must be 
taken into consideration in calculating the proper economies of the 
process. 

The milk of lime liquor is nearly always introduced into the goods 
by passing the fabric through a box or cistern containing the lime 
liquor of suitable strength and then through light squeeze rolls and 
into the kier. In this way the goods become more or less evenly satu- 
rated with the lime as they pass into the kier, and this helps to pro- 
mote an even distribution of the lime and a uniformity of action in 
the kier-boiling. The strength of the lime liquor should be so main- 
tained that practically all of the lime is thus fed onto the goods when 
the kier becomes completely loaded. 

5. Details of Lime Boiling. 

The quantity of lime required will naturally vary with different 
classes of goods; but in general it will be from 3 to 12 percent of the 
weight of the cloth. When the cloth is first saturated in milk of lime 
outside of the kier, the liquor should be of such a consistency that the 
material takes up about 5 percent of its weight of lime. The time of 
boiling will vary from 8 to 10 hours with the character of the goods 
and the pressure employed. After boiling, the lime-water must be 
quickly run off and the kier filled with cold water as rapidly as possible, 
in order to prevent the lime drying on portions of the goods coming 
in contact with the hot walls of the kier, as this will cause uneven 
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streaks and spots to appear afterwards. Kiers employed for lime 
boiling are usually white-washed from time to time on the inside in 
order to prevent rust from forming and thus contaminating the goods. 



Fig. 129. — Jefferson Kicr showing Exterior View. 


After being removed from the kier, the goods are washed in a ma- 
chine, and then passed on to the next operation of souring. 

The principal effect obtained by boiling in milk of lime is to de- 


240 


BLEACHING 


compose the fatty and greasy matters present in the cloth. These sub- 
stances are not to be considered as removed from the fiber, as the in- 
soluble lime soaps which are formed still adhere to the cloth, but they 
are removed in the subsequent processes. The color of the cotton 
after the lime boil is usually darker than before, and this is especially 
the case with goods made from Egyptian cotton. 

6. Use of Strontia. 

Since strontia (strontium oxide, SrO) and baryta (barium oxide, 
BaO) are alkaline earths of a character very similar to that of lime, 
it would be natural to expect that they might act in kier-boiling in a 
manner very similar to lime. Weiss “ has made an interesting com- 
parison of the action of these three alkaline earths in the boiling-out 
of cotton containing oil stains. 'I'he saponifying power of baryta was 
found to be inferior to that of lime, but strontia, in cqui-molecular 
|)roportions, was found to saponify the oil three times more rapidly 
than lime, and the bleaching effects were superior. The maximum 
concentration of the boil-off liquor was fixed at 20 grams of strontium 
hydrate (Sr(0H)2.8H,O) per liter, as stronger solutions were found 
to have an oxidizing action. Strontia also absorbs carbon dioxide more 
rapidly from the air than lime. It is proposed to run the goods 
through a solution of strontia, pack the cloth down in cages, boil 8 to 
9 hours in the kier, rinse, sour by transferring the cages to the souring 
vat, rcboil in the old kier liquor, sour again, give a slight boil in a 
caustic soda-soda ash liquor with the addition of a little soap, sour 
and wash. A fairly good color is said to be obtained in this manner 
without the use of hypochlorite liquors. A better boil-out is obtained 
by using a mixed liquor containing 7 grams of caustic soda and 10 to 
12 grams of strontium hydrate per liter. The goods arc boiled for 2 
hours at a temperature below 150*^ C, soured, rinsed, and reboiled in a 
liquor containing soda ash, soap and resin at a moderate temperature 
to avoid yellowing. The strontia process of boiling-out, however, does 
not seem to have attained any commercial success owing to the higher 
cost of the strontia and the danger of tendering the goo(ls. 

7. Importance of Circulation. 

In kier-boiling too much importance cannot be attached to the 
proper circulation of the liquor through the goods. It has been well 
demonstrated that the time required for a complete boiling-out is much 
reduced by rapid and efficient circulation. If the circulation is not 
good, but allows the same liquor to remain for some time in contact 
with the goods, such liquor becomes weakened in its effective proper- 
ties. A proper circulation should so operate as to be continually 
bringing fresh liquor in contact with the material. Most modern kiers 
are provided with an automatic arrangement for the promotion of a 
constant and proper degree of circulation. The old-fashioned kiers 
mostly relied on the action of a steam injector both to promote the 
circulation of the liquor and to heat it, but in such a system the intro- 
” BtJ/. Soc. Ind. MuL, 1914, p. 499. 
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duction of the steam must be intermittent, as otherwise the liquor 
would soon acquire the same temperature as the steam, with the result 
that steam or foam alone would blow over through the kier without 
causing any circulation of the liquor. In more recent times the 
tendency in kier construction seems to favor the use of an outside 
means of circulation, cither as a pump or a vacuum chest. The mat- 
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In some processes of bleaching the cloth is not boiled- out hrst with 
lime but with caustic soda and afterwards with lime; but whenever 
the lime method is used, it is necessary to follow it by a treatment 
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with dilute acid in order to remove the lime compounds from the 
cloth. This operation is known as the lime sour or gray sour, and con- 
sists in passing the goods through a solution of sulfuric or hydrochloric 
acid at about 10° Tw. The machine employed is generally the usual 
form of roller washing machine. In the gray sour hydrochloric acid 
is to be preferred to sulfuric as the latter forms an insoluble compound 
with lime, while the former does not, and hence the lime soaps are the 
more easily removed. The acid bath is usually employed cold, but by 
using warm solutions, the strength of the acid may be considerably 
diminished with the same effects as far as cleansing is concerned, and 
also there will be a saving in time. After the souring process is com- 
pleted the goods should be well washed, for they should not be left 
for any length of time with the acid liquor in them as tender spots 
are liable to develop. The effect of the gray sour is to decompose and 
remove the various lime compounds left in goods from the previous 
operation, together with any metallic oxides that may be in the fiber. 

g. Boiling with Soda Ash. 

After the lime sour the next step is to boil the goods with soda ash 
in kiers similar to the ones used for the lime boil. It may be observed 
that soda ash must not be used in the same tanks or kiers as employed 
for the lime boil, as the lime present would change the soda ash into 
caustic soda and so alter the strength of the lye; also the soda ash 
would precipitate the lime as carbonate. In some blcacheries there arc 
two boils made in soda ash, while in others there is only one; also the 
strength and character of the liquors will vary much with the char- 
acter of the gi ods and the methods of operation, so it is almost im- 
possible to lay down any set rules for this process. Some observa- 
tions, however, will be of service. When open or low pressure kiers 
are used, the duration of boiling is generally from 8 to 12 hours, 
while with an injector kicr and several atmospheres pressure, the time 
of boiling may be reduced to 3 to 4 hours. The goods must be packed 
svstematically into the kier in the same manner as described in lime 
boiling, and the cloth may either be saturated with the lye before en- 
tering the kier, or the lye may be run in afterwards. By saturating 
before, the goods will pack better and there will be less air in the 
folds. 

10. Use of Resin Soap. 

Formerly boiling in resin soap was largely employed, especially for 
goods intended for print cloth, as it was supposed that the resin re- 
moved certain matters in the fiber which attracted coloring matters, 
and consequently gave clearer whites to the printed calico. The boil- 
ing with resin soap, however, is not used as much as formerly, but 
if it is employed, it is given in the first lye boil. About i to 2 percent 
of rosin (of the weight of the goods) is dissolved in 5 to 6 percent 
of soda ash and the goods are boiled in this mixture for several hours 
under pressure. 

When resin soaps are used in boiling-out, according to Trotman and 
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duction of the steam must be intermittent, as otherwise the liquor 
would soon acquire the same temperature as the steam, with the result 
that steam or foam alone would blow over through the kier without 
causing any circulation of the liquor. In more recent times the 
tendency in kier construction seems to favor the use of an outside 
means of circulation, cither as a pump or a vacuum chest. The mat- 
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asli, the goods must again be washed in order to remove the excess 
of alkaline liquor and the dissolved impurities. The coloring matters, 
however, of the fiber have not yet been attacked, and the cloth is still 
in the gray condition, and usually darker in color than before boiling- 
out. 

The following table represents the number of pounds of different 
alkalies to be taken per gallons (U. S.) of solution in order to 
furnish a lye of certain strength: 



J.bs. 

'Lbs 

Degrees 1)6. 

Soda A.sli 

Caustic Soda 

0 

0 

0 

0.5 

234 

214 

I. 

sV4 

5 

05 


7/. 

2. 

ii!4 

TO 

2.5 

M 

1314 

3. 


17 


II. Hygrometric Scales. 

As different bleachers may make use of different scales of hydrom- 
eters, the folkjwing table is given showing the relation between the 
different systems : 


Sp. Cr 

116 

'Pw. 

Leek 

Sp. Gr. 

lie 

Tw. 

Beck 

I. 

0 

0 

0 

1.134 

17 

26.8 


1. 007 

I 

1.4 


1.143 

18 

26.6 


1.014 

2 

2.8 


1.T50 

19 

30. 

1 23 

1.022 

3 

4.4 


1.161 

20 

302 


1 . 02 Q 

4 

5.8 


1.171 

21 

34.2 


1.036 

5 

7.2 


1. 180 

22 

36. 


1. 044 

6 

1 8.8 


1. 190 

23 

38. 


1.050 

7 

10. 

8 

I.IQ 9 

24 

40. 

29 

1.060 

8 

12. 


1.210 

25 

42. 


1.067 

9 

T34 


1.250 

30 

50. 

34 

007s 

10 

15. 


1.300 

34 

60. 

40 

1.083 

II 

16.6 


1.350 1 

38 

70. 

44 

T.09I 

12 

18.2 


1.400 

41 

80. 

49 

1. 100 

L 3 

20. 

16 

1.450 

45 

90, 

53 

i.ro8 

14 

21.6 


: 1.500 

48 

100. 

57 

1.T16 

L =5 

23.2 


1.530 

50 

106. 

59 

1. 125 

16 

25. 







Although weight for weight, fabrics will occupy different volumes 
according to their nature, yet it has been found in general that lOO 
pounds of cloth will require about 72 gallons of liquor. On this basis 
the following table is calculated showing the percentage of alkali on the 
weight of fabrics according to the density of the lye: 


Degrees Be. 

Lbs. Per 100 Lbs. of Cloth 
Sodium Carbonate Caustic Soda 

0.5 

2.4 

2. 

I. 

4.8 

4. 

03 

7-2 

5.6 

2. 

9.6 

7.2 

2.5 

12. 

86 

3. 

14. 

10,2 
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12. Composition of Spent Liquors, 

Knccht and Hall have made some studies on the composition 
of the extract from cotton with the different processes of boiling-out. 
An examination of the lime liquor obtained after boiling-out showed 
a gelatinous precipitate with alcohol, free from nitrogen and corre- 
sponding to pectic acid. The portion soluble in alcohol gave two brown 
resinous substances of different solubilities, containing 9.1 and 9.6 



percent of nitrogen respectively, and apparently consisting of coloring 
matters. There was also found a small quantity of fatty acid. The 
total extract from the cotton by the lime boil amounted to 2.1 percent, 
and this included the greater portion of the mineral constituents of the 
cotton. The lime sour (hydrochloric acid) showed extractive mat- 
ters consisting mainly of a fatty acid corresponding apparently to 
stearic acid, together with a dark colored wax having a melting point 
of about 80° C., there also being a small quantity of a brown resinous 

^ Jour, Soc, Dyers & Col., 19*8, p. 220. 
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substance similar to that in the lime extract. The caustic soda ex- 
tract yielded a brown residue fairly rich in nitrogen and phosphoric 
acid. On acidification of the soda extract, a dark colored protein con- 
taining 18.7 percent of nitrogen was precipitated. The total substance 
extracted from the cotton by these three main treatments was about 
4 percent. It was also noticed that the hygroscopic moisture of the 
raw cotton was 7.36 percent while that of the scoured and bleached 
cotton was only 6.14 percent. 

The composition of spent liquors is still a subject that is open to 
considerable investigation, and the chemist in this particular instance 
could be of much value to the bleacher, as a proper chemical analysis 
of the materials present in the spent liquor might throw considerable 
light on the entire subject of boiliiig-out. There is also a possibility of 
the discovery of valuable and useful by-products in the ingredients 
which may be f)rescnt. 



Chapter XIV. 

The Boiling-out of Cotton (Cont.). 

1. The Caustic Soda Boil. 

The rather complicated processes involved in the lime boil and the 
length of time required to carr> it out has led bleachers to adopt 
simpler and shorter methods. By the use of caustic soda in boiling- 
out, the process may be reduced to one operation requiring only a few 
hours. 

In the caustic soda boil the goods arc boiled in cither open or closed 
kiers with a solution of caustic soda. When open kiers are used the 
usual time required is from 8 to 12 hours; whereas when closed pres- 
sure kiers arc used the time varies from 2 to 10 hours, depending on 
the character of the material and the thoroughness of the boil-out. 
Frequently in addition to caustic soda other alkalies arc used, such as 
soda ash, sodium bicarbonate, soap and sodium silicate. The strength 
of the caustic soda lyes employed will vary considerably with condi- 
tions, but usually from 2 to 5 percent on the weight of the goods is 
used. 

2. Loss in Boiling-out. 

The loss in weight incurred by cotton in the process of boiling- 
out is an interesting factor in the consideration of bleaching. Dreaper 
states that on boiling cotton with a one percent caustic soda solution 
for one-half hour the loss in weight of the cotton was 4.41 percent; 
and after boiling for 1 hour the loss was 5.71 percent; while with the 
use of a 2 ]/! percent caustic soda solution the losses were 5.08 and 
7.3 percent respectively. Hunger, on the other hand, slates that with 
a caustic soda solution of 10 percent strength and boiling for one-quar- 
ter hour the loss was only 4 percent, and when the concentration of 
the caustic soda solution was reduced to 2.5 percent the loss was 3.5 
percent. I'he discrepancy must be due to some difference in the con- 
ditions of the two tests so that they are not comparable. Tauss has 
shown by other experiments that the solubility effect of the caustic 
soda solution in boiling-out increases with the pressure and tempera- 
ture of the kier. At a temperature of 150° C. the loss in boiling-out 
for caustic soda lyes of i to 5 percent is 5 to 7 percent. Above 150® 
C. the loss increases rapidly showing evidence of decomposition of the 
cotton itself. Scheurer found that even on boiling cotton with plain 
water at tem])craturcs about 150° C. a decided weakening of the ma- 
terial occurred. From the experiments of Schwalbe, it appears that 
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the most satisfactory strength for the caustic soda solution is 4 percent, 
as with weaker or with stronger alkalies the results are not as good. 
The amount of loss in boiling-out under practical mill conditions can- 
not be stated as a fixed figure owing to the fact that this loss varies 
considerably with the character of the goods being treated, whether 
loose cotton, yarn or cloth; and also with the kind of cotton, and the 
nature and amount of the sizing materials that may have been used 
in preparing the yarn for weaving. More important for the mill is the 



Fig. 13^.- -Scclional Kier of Gebauer Type with raised super heater. 


total loss in complete bleaching, and this includes the loss both in boil- 
ing-out and bleaching with hypochlorites and treatment with acids. 
It has been shown by Trotman ^ that the purity of the caustic soda 
liquor is of more importance than is generally supposed. Experiments 
were conducted in boiling-out with the use of pure caustic soda solu- 
tions as compared with caustic soda containing varying amounts of 
impurities, such as common salt, glauher salt and alumina, these being 
the principal impurities liable to occur in small amounts in commercial 
caustic sodas. The loss in weight of the cotton incurred during the 
boiling-out was taken as the measure of the efficiency of the boil-out 
liquor, and it was found that even very small amounts of these impuri- 

^ Jour. Soc. Chem. Ind., 191O1 P- 249, 
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ties reduced the action of tlie alkali very materially. With pure caustic 
soda, for example, the loss on boiling-out a certain quality of cotton 
was 447 percent; with a caustic soda containing 0.13 percent of com- 
mon salt the loss was 4.08 percent, and with a caustic soda containing 
0.30 percent of common salt the loss was only 3.98 percent. The in- 
fluence of small amounts of glauber salt was in about the same propor- 
tion. 

If kier-boiling has been properly conducted cotton yarn should 
have a greater breaking strength than in the raw state. This is espe- 
cially true for cloth, where the shrinking and partial felting of fibers 
will produce an increased tensile strength. In fine goods, such as 
lace curtains, and in materials of a very flimsy and loosely woven 
character, it is possible that kicr-boiling may cause some degree of 
weakening due to the mechanical strain to which the fine yarns may 
have been put in handling. Any very noticeable weakening, however, 
brought about by boiling-out in kiers will indicate a defect in the 
process, which may be cither in the mechanical handling of the goods 
or in the chemical treatment to which they are subjected. Decrease 
in the tensile strength of goods after final bleaching is usually to be 
attributed to other operations than that of kier-boiling. 

3. Shrinkage of Yarns. 

In the boiling-out of cotton yarn a certain shrinkage in the length 
of the yarn will be experienced. This will be true of both skein and 
warped yarns as far as the kier-boiling is concerned ; the same will 
also be true of cloth ; but in both the warp and the woven fabrics the 
goods are handled in the rope form in the subsequent washing and 
bleaching operations, consequently owing to the considerable longi- 
tudinal tension under wdiich the goods are placed, it will usually be 
found that the shrinkage caused in the kier-boiling will be more than 
compensated for, and consequently the goods will show a stretching 
rather than a shrinkage. With skein yarns, however, the average 
loss is length is about 2.5 percent. It is stated that in commercial 
operations it is usual to allow 5 percent loss on such yarn, but this 
must refer to the loss experienced as a final result of the entire bleach- 
ing operations rather than that due to kier-boiling alone. 

4. Change in Count of Yarns, 

As kicr-boiling causes a loss in weight in cotton yarns as well as 
a loss in length, it wilfbc apparent that the count or size of the yarn 
will show some change, as it depends on the relation of these two 
factors, weight and length. According to Trotman the count of the 
varn is somewhat increased after boiling-out, which means that the 
varn has become finer in size. This is accounted for by the fact that 
the loss in length is not sufficient to compensate the loss in the weight. 
It does not appear possible, however, to arive at a definite figure as to 
the alteration in count for yarns in general or to adopt an established 
factor, as this varies according to the size and the quality of the yarn, 
and probably is somewhat dependent on the conditions of manufacture 
and the nature of the cotton from which the yarn is made. 
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Cotton that has been boiled-out with caustic soda lyes will be 
darker in color than the raw cotton, and the spent lyes will have a 
brown color due to the impurities removed from the fiber. The loss 
in vveight of the cotton boiled-out with caustic soda is about 5 percent. 
When boiled-out with other alkaline salts the loss in weight is not as 
much ; and if this loss is accepted as a measure of the degree of boiling- 
out, It must he concluded that these other alkaline salts are less effi- 
cient agents than caustic soda alone. The use of caustic soda alone, 
however, especially in closed pressure kiers, is liable to make the 
cotton harsh to the feel, and on this account some bleachers prefer 
to use a mixture of caustic soda with cither soda ash or sodium silicate. 
Such mixtures leave the boiled-out cotton in a softer condition, and* 
with a much lighter color. 

5. Treatment After Boiling-out. 

After the boil-out with caustic soda has been completed, the liquor 
should be luii off from the goods before cooling, as otherwise the 
cotton will take up considerable color from the cooling liquors, and 
there is liability of the formation of stains. To indicate whether any 
caustic soda remains in the li([uor after a boiling operation, Higgins 
has found the following simple method very serviceable: If a mix- 
ture of caustic soda and soda ash has been used for the boiling, barium 
chloride is added to the hot exhaust lye and the li(|uor allowed to set- 
tle. The clear liquid is then titrated in the usual way for caustic soda. 
The precipitate of carbonate takes down with it most of the brown 
matter contain’d in the liquor, and renders the titration of the caustic 
soda possible. J 1 the liquor to be tested contains no soda ash, some is 
added before the addition of the barium chloride, and the same pro- 
cedure is then followed. After the alkaline liquors are removed from 
the goods a thorough washing, preferably at first with hot water, 
should be given to cleanse the fiber of all residual alkali. After being 
washed the goods are ready for immediate bleaching and do not require 
a sour as in the lime boil. 

It is a ])ractice among many bleachers to allow the cloth to lie in 
the kiers after the steam has been turned off, and it is thought that 
this steeping assists in the removal of the impurities from the cloth. 
Higgins finds, however, that certain of the impurities which are re- 
moved from the cloth at the boiling temperature are again attracted on 
cooling. In fact, as a general rule, on first heating and then cooling 
textile fibers in a liquid containing dissolved, suspended or colloidal 
imttcr, during the cooling there is an attraction by the fibers of the 
dissolved substances. Therefore, during the cooling of cloth in kiers 
there is a condition which interferes with the true purpose of the 
boiling. 

6. Use of Sodium Sulfide. 

Sodium sulfide has been used for kier-boiling of colored goods and 
apparently with considerable success; the use of this alkali, however, 
is attended with the danger of the formation of metallic sulfide spots, 
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as the sulfide will readily attack both iron and copper surfaces with 
the production of black iron or copper sulfides, and unless proper care 
is taken these black pigments may become smeared into the goods. 



Fig. 135. — Pressure Kicr with Riisdtn Circulator (Text. Fin. Mchy. Co.). 


Again, in the use of sodium sulfnle for boiling-out great care must be 
taken to wash out all excess of the kier liquor before the goods are 
brought into the chemic solution, as these sulfides are decomposed 
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by chlorine with liberation of sulfur in the form of a fine precipitate, 
and this may impregnate the fiber and lead to stains. 

7. Use of Soap in Boiling-out. 

Soap is not employed as much as formerly in the boiling-out of 
cotton, the present practice being to shorten the time by the use of 
stronger lyes of caustic soda in conjunction with the use of a 
suitable kier. In some cases, however, soap is still used, though gen- 
erally in connection with caustic soda; and in some methods of bleach- 
ing, especially in the madder bleach (or Turkey Red bleach), a separate 
operation of boiling-out in resin soap is employed, as already explained. 
Some liquors, however, are largely used for finishing-ofif the bleaching 
operations, for the purpose of neutralizing traces of acid still left in 
the goods after washing, and for softening the cotton. When tinting is 
carried out, it is generally done in the soap bath. 

When used in boiling-out, soap acts as a solvent or emulsifying 
agent for the fatty and resinous matters in the fiber, and also assists 
in removing the miscellaneous dirt with which the cotton becomes 
more or less contaminated. The soap lather causes these impurities 
to become toosened from the liber so they arc easily removed in the 
washing. Olive oil (castile) soap, olein soap, and resin soap are the 
principal ones employed in bleaching. 

8. Preparation of Resin Soap. 

Resin soap is prepared by boiling together the proper propor- 
tions of rosin and caustic soda until the former is completely saponi- 
fied. 

A good method for making resin soap is as follows: Take 10 
parts of rosin, 2.5 parts caustic soda, and 100 parts water and boil 
gently for 2 hours. Test if the rosin is completely saponified by dis- 
solving a sample of the Sftap in water, in which it should be completely 
soluble. The froth which forms on the top of the soap while boiling 
should be skimmed off. When completed the soap should be stringy 
and greasy to the touch. 

In using resin soap, care should be taken that all of the rosin is 
well saponified, as otherwise the unsaponified portion will be deposited 
on the goods and stain them, though acids, as a rule, will cause this 
to disa])pear. Also resin soap is yellow in color, and if the material 
is not well washed, there is a liability of the yellow tinge remaining in 
the goods. Olein soap also is apt to leave a yellow tinge in the cotton, 
and in the selection of an olein soap, dark varieties should be avoided. 
Olive oil soap is the best as far as leaving the goods in a white con- 
dition, but it is much more expensive than the other varieties, and it is 
generally used only for washing the goods after bleaching. Tailfcr 
recommends that the different soaps should be used in tlie following 
stages: Resin soap in lyes previous to chemicking; olein soap for 
lyes interposed between different cheiiiics : and white oliye oil soap 
for the last soaping. It is said that the comparative cost of the dif- 
ferent soaps used in bleaching is about as follows : 
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White olive oil soap 75 

Olein soap 42 

Resin soap 23 


The proportion of soap to be used will vary considerably with 
the judgment of the bleacher, but is generally about 3 pounds per 



Fig. 136. — Rusden Kicr for Skein Yarns (Text. Fin. Mchy. Co.). 


100 gallons of lye, which would be equivalent to about i pound per 
100 pounds of cotton. Care should be taken not to employ too high 
a temperature in boiling with soap lyes, as otherwise there is danger 
of yellowing the goods. 
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9. Use of Oils. 

In some bleacheries, a heavy mineral oil of boiling- point about 
^00° C, obtained from the distillation of bituminous shale, is added 
to the soda boil, or even at times to the lime boil. It is said that this 
effects quite a saving in the chloride of lime subsequently used. The 
oil, no doubt, acts as a solvent, both for the cotton-wax and the lime 
soap. About ^ percent of oil is used for cotton and twice that 
amount for linen. 

Turkey-red oil or other forms of sul fated or soluble oils are fre- 
quently used in boiling-out in conjunction with caustic soda. These 
solubde oils readily dissolve the waxy and resinous impurities on the 
cotton fiber and thus allow of a quicker boil-out and at lower tem- 
peratures. Furthermore the fiber is left in a soft condition and with 
the use of weaker bleaching baths. The oil is simply added to the 
soda lye in the kier and the boiling-out process conducted as usual. 

10. Use of Malt Extract. 

Malt preparations having diastase as a basis arc also used to a con- 
siderable degree for the removal of impurities from cotton. This is 
especially true of cloth when it is not desired to treat with boiling 
caustic alkali. The goods are steeped in an infusion of malt, usually 
overnight. The diastase enzyme acts on the starch and gums which are 
present in the material in such a manner as to convert them into 
readily soluble products, so that a subsequent washing with hot water 
or soap is all that is necessary to remove them from the cloth. 

The natural vegetable gums of pectin matters present in the cot- 
ton also seem P; be converted into soluble products by the action of 
malt infusions. Warps and skein yarns used for mercerizing are 
sometimes steeped in malt liquor overnight and then washed. This 
process scours the yarn in a very satisfactory manner, brings it to an 
absorbent condition and leaves it soft and lofty. 

Piece goods containing cok)red borders or stripes are frequently 
malted Instead of being boiled-out with alkali before bleaching. This 
prevents the bleeding of the colors. This process is especially good for 
vat colors which are fast to bleaching with hypochlorite liquors but 
which will run when kicr-boiled with either milk of lime or caustic 
soda. 

11. Various Boil-out Compounds. 

There have been quite a number of additions suggested to the 
kier lyes for boiling-out and many of these have been the subject of 
patents at various times. Tides has studied the effect of these on the 
strength of boilcd-out fabrics, as .shown in the following summary; 
the boiling-out tests were conducted in an experimental kier with 
1000 liters of water for 4 hours under 2 atmospheres pressure, and 
the figures for strength represent the mean of warp and filling in kilos. 

(i) Scheurer’s method:® 5 kg. caustic soda solid and 5 1 . bisulfite (36® 
Re.); strength “ 57 kg.; motes and shives not completely removed; after 
chcmicking a good white color is produced ; 

* Ger. Pat, 37 . 745 . 
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(2) Scheurer’s method : 13 kg. caustic soda solid, 2.5 kg. rosin and 5 1 - 
bisulfite (36° Be.); strength = 56.3 kg.; motes and shives not completely re- 
moved; aher chemicking a good white color is produded; 

(3) Koechlin’s method;® 15 kg. caustic soda solid, 5 1 . bisulfite (36° Be.) 
and 0.8 kg. chloride of lime; strength = 59.7 kg.; motes and shives not com- 
pletely removed; after chemicking the wdiite color is not so good; 

(4) Method of Thompson and Rickmann:* 15 kg, caustic soda solid, 5 1 . 
bisulfite (36° Be.) and i kg. kaolin; strength 50 3 kg.; motes and shives com- 
pletely removed; after chemicking the white color is not so good; 

(5) Method of Bruckbaeck.® 15 kg. caustic soda solid, 5 1 . bisulfite (36° 
Be.) and i kg. stannous chloride; strength = 59 5 kg.; motes and shives com- 
pletely removed; after chemicking the white is not so good; 

(6) Method of Ilertel;® 20 kg. caustic soda solid, 7 1 bisulfite (36® Be.) 
and 5 1 . Turkey-red oil; strength = 59.3 kg.; motes and shives completely re- 
moved; after chemicking a good white color is produced; 

(7) Method of Hcrtel (variation) : 15 kg. caustic soda solid, 7 1 . bisulfite 
(36° Be.) and 15 1 . Turkey-red oil; strength = 57.5 kg.; moles and shives not 
completely removed; after chemicking the white is not so good; 

(8) Method of Hertel (variation) ; 10 kg. caustic soda solid, 5 1 . bisulfite 
(36® Be.) and 10 1 . Turkey-red oil; strength =: 54.3 kg.; motes and .shives not 
completely icmoved; after chemicking a good white color is produced; 

(9) Method of Geisenheimcr : 15 kg. caustic soda solid, 5 1. bisulfite (36° 
Be.) and 2 1. water glass (sodium silicate); strength == 59.0 kg.; motes and 
shives not completely removed; after chemicking a good white color is pro- 
duced ; 

(10) INfethod of Endler:'^ 15 kg. caustic soda solid, 10 1 . bisulfite (36® Be.) 
and 10 kg. common salt; strength = 60.2 kg.; motes and shives not completely 
removed; after clicinicking a good white color is produced; 

(11) Method of Mahieu;® 20 kg. caustic soda solid and 5 1 . benzene; 
strength = 55.2 kg.; motes and shives completely removed; after chemicking a 
good white color is produced; 

(12) Method of Cross and Parkes:* 10 kg. caustic soda solid, 60 kg. water 
glass, 8 kg. soap, 8 kg. Rubol (sulfated oil) and 5 1 . bisulfite (36® Be.) : 
strength = 55,8 kg.; motes and shives not completely removed; after chemicking 
a good white color is produced ; 

(13) Method of Thics: 15 kg. caustic soda solid, 5 1 . bisulfite (36® Be) 
and I 1 . carbon tetrachloride ; strength — 59.8 kg. ; motes and shives completely 
removed; after chemicking the white color is not so good; 

(14) Method of Thies: 15 kg. caustic soda solid, 5 1 . bisulfite (36® Be.) 
and 5 1. alcohol (denatured): strength = 59.5 kg. ; motes and shives completely 
removed (best of all te.sts) ; after chemicking, the white color is not so good; 

(15) Method of Weber: 15 kg. caustic soda solid, 5 1 . bisulfite (36° Be.) 
and 3 1. glycerin; strength — 56.7 kg.; motes and shives completely removed; 
after chemicking the white color is not so good. 

While the.se results are interesting in a comparative manner, they 
should not be taken as a definite determination of the proper charac- 
ter of the boiling-out compound to be used, as they have all been car- 
ried out with the idea of introducing sodium bisulfite as an ingredient 
in the kier liquor for the purpose of preventing tendering of the goods 
through oxidation in the kier. Before definite conclusions can be 
drawn in this regard it would be necessary to carry out much more ex- 
tensive tests under set conditions of practice and with the introduc- 

• Ger. Pat. 25,804 and 27,745. 

* Ger. Pat. 32,704. 

“ Patented 1827. 

^ Ger. Pat. 75 , 435 - 

'’Brit. Pat. 14*252. 

* Ger. Pat. 61,668. 

• Ger, Pat. 121,787. 




Fig. 137. — High Pressure Kier (German Type). 
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tion of single variants for the purpose of estimating their relative 
effect on the strength of the material. From the results obtained in 
practical kier-hoiling it would seem that after hoiling-out, the goods 
are somewhat stronger than before, provided the operation has been 
ordinarily conducted with care and skill. From actual figures obtained 
in practice this increase amounts to 5 to 15 percent. Koehler has found 
that when the concent raticjii of the caustic soda solution exceeds 3° Be. 
the tensile strength of the material no longer shows an increase, but 
begins to show a decrease above this strength of alkali. There are so 
many conditions in the boiling-out of cotton materials that will effect 
the strength that it makes a rather complex problem. The nature of 
the fiber, the staple, the twist of the yarn, the nature of the weave 
and construction of the fabric, the kind of chemicals used in the kier 
liquor, the strength of the alkalies employed, the proportion of the 
cotton mass to the kier liquor, the temperature of boiling, the pres- 
sure, the length of time in boiling, the manner of the circulation of the 
liquor duiiiig boiling, the design of the kier, the use of live steam or 
indirect heating of the kier liquor, the nature of the water employed 
in washing are all factors which would have to be systematically in- 
vestigated in order to arrive at a definite conclusion as to the most 
satisfactory method of boiling-out with respect to the preservation of 
the strength of the material under treatment. 


12. Amount of Alkali for Boiling. 

As to the amount of alkali to be employed in the caustic soda 
boil this will vary somewhat with the character of the goods under- 
going treatment as well as the type of kier employed. In general, it 
may be stated as 2 to 5 percent on the weight of the fabric. The 
volume of the kier liquor must alwa\s be sufficient to completely cover 
the goods in the kier after complete saturation of the fiber and to 
furnish sufficient surplus to permit of proper circulation. An exces- 
sive quantity of liquor is unnecessary and should be avoided, as it 
may cause the goods to float in the kier and thus become entangled. 
It has been found by experience that it will require about 75 gallons of 
liquor in the kier for 100 pounds of goods; this figure, however, will 
vary with certain limits depending on the nature of the goods and 
the density with which they are packed in the kier. The amount of 
liquor originally run into the kier to start with will also depend on 
whether live steam is used for heating or whether the heating is done 
indirectly in an outside boiler. In the former case, proper allowance 
must be made for the continual addition to the volume of the liquor 
from the condensed steam. The injector type of kier which uses 


live steam for both heating and circulation condenses quite a large 
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of the water condensed to the steam content is high, and if the kier 
is started with a volume of liquor small enough to allow for the in- 
crease in volume through condensation at the end, the quantity will 
usually be insufficient to produce a good circulation and completely 
cover the goods. While, on the other hand, if sufficient volume of liquor 
is used to start with by using a low pressure steam the condensation 
will be so great that before the end of the boil is reached the kier will 
become flooded with a diluted liquor. It is always necessary to re- 
member, however, that under any circumstances the kier should not be 
boiled without the cotton being completely covered by the liquor, for 
otherwise the hot steam will come into direct contact with the alka- 
line goods, and this will very likely cause serious damage, both with 
respect to tendering the fiber and discoloring the cotton. 

13. Temperature of Kier-boiling. 

The temperature of kier-boiling, of course, is determined by the 
type of kiei used ; in the case of open kiers this temperature cannot 
get above the boiling point of the alkaline liquor used. It may be 
somewhat above the boiling point of water (212° F.), though generally 
such excess, if any, will be very slight. With closed pressure kiers, 
such as are used almost entirely at the present time, the temperature 
of the boiling will correspond to the pressure of the steam within the 
kier, and consequently may reach a point considerably above that of 
bailing water. As this point is of considerable interest to the bleacher, 
there is given the following table showing the relation between the 
steam, pressure and the temperature. 

RELATION BETWEEN STEAM, PRESSURE AND TEMPERATURE 


Pressure in 

Actual Kier 

Temperature of 

Steam 

Atmospheres 

Pressure, Lbs 

Cent 

Fahr. 

1,00 

0. 

100.0 

212.0 

1.25 

37 

1060 

223.0 

1.50 

7.3 

1 1 1 0 

231.0 

175 

II.O 

1 16.5 

24T.0 

2.00 

147 

I2T 0 

250.0 

2.25 

18.4 

124.0 

256.0 

2,50 

22.0 

127.0 

261.0 

27s 

257 

I3I.0 

268.0 


It IS generally held that cotton cannot be heated above 130° C. 
without serious danger of decomposition of the fiber resulting in dis- 
coloration and weakening, but while this point may have become es- 
tablished as the critical temperature for cotton heated in the presence 
of air and alkali, it is by no means certain the same holds true for 
the conditions of heating as they exist in the kier. In the absence 
of air it is probable that cotton may be heated to a much higher 
temperature than this if immersed in a solution of caustic soda, and 
consequently it may be possible to run the pressure and correspond- 
ing temperature of the kier to a considerably higher point. This 
question, however, still awaits experimental determination before a 
definite conclusion can be reached. 
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Schwalbe in commenting on the action of sodium hydrate and 
water under pressure on cotton cellulose states that only celluloses 
which contain oxycellulose show the property of producing hydro- 
cellulose by heating under a pressure of 20 atmospheres. Pure, nor- 



Fig. 139- Frcssuro Kier witli Tipping ArransniiciU ('IV‘\l. Fin. Mcliy. Co.). 

mal cellulose (cotton) suffers but a very slight hydrolysis; at tem- 
peratures above icx)° C. dehydration appears to take place, and the 
'‘hydration value” decreases with increase of temperature. The pro- 
portion of products soluble in water increases only very slowly with 
the increase in temperature up to 150'' C., but it increases very rapidly 
above this temperature. On heating with sodium hydrate under pres- 

^'*Chem. Zeit., iQ'fo* P- 55*. 
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sure, the copper reducing power of the cellulose, w^hich appears under 
the action of sodium hydrate at 100° C., disappears when the concen- 
tration of the lye is i to 2 percent; with lyes of higher concentration 
(3 to 5 percent) the copper reducing power docs not disappear until 
a temperature of 135° C. is reached. The degree of hydrolysis, as 
expressed by the copper reducing power, is at a maximum with a 4 
percent lye; lyes of 3 and 5 percent both having a weaker action. 
The solubility of cotton cellulose in sodium hydrate at the ordinary 
temperature decreases as the concentration of the alkali is increased, 
and this is also the case at 100° C. At a temperature of 150° C. the 
solubility in lyes of i to 5 percent concentration ranges from 5 to 7 
percent. Above 150° C. the solubility of the cellulose increases with 
extreme rapidity. Consequently the temperature of 150° C. may be 
regarded at the decomposition temperature of cotton cellulose. As in 
the case of water, soclium hydr.it e also appears to produce dehydra- 
tion at temperatures above 100® C., since the “hydrolysis value” de- 
creases with increase of temperature. Schwalbe also stales that Egy[)- 
tian cotton appears to possess a higher degree of hydration than 
American cotton. 

14. Water Used in Kier-boiling. 

The water employed for preparing the kicr liquor should be as 
soft as possible when the caustic soda boil is used; if hard water 
is used lime and magnesia will be formed by the interaction of the 
metallic salts with the caustic soda, and these will combine with the 
fatty acids of the cotton to form insoluble metallic soaps which can 
only be subsei[uently removed by decomposition with an acid liquor or 
sour. Trotman and Pentecost have shown the difference in the 
character of the boil-out with caustic soda when using hard water 
on the one hand and soft w^atcr on the other. The hard water con- 
tained 40 parts hardness per 100,000. The results show'cd that with 
soft water 23 percent more of the fats were removed. It is also 
claimed that soft water is better to use than merely softened water, as 
in the latter case neutral salts, such as .sodium chloride and sulfate, 
may have a retarding eft'ect on the action of the alkali in the boil-out. 
Water containing iron in excess of 0.05 part per 7(K),(X)0 should be 
avoided for boiling-out, as this impurity is very liable to effect the 
purity of the color in the bleached goods. Iron may be introduced 
under certain conditions by the condensed steam that may accumulate 
in the kicr, and under no circumstances should water from condensed 
steam be stored in iron tanks .and then used as a source of hot vyatcr 
for washing the kicr boiled goods, as such w^ater will become highly 
contaminated with iron, due to the great solubility of the latter in the 
pure condense water. 

15. Washing in Kier. 

After boiling with c.austic soda the goods should be washed first in 
the kicr so as not to be exposed to the action of air while still saturated 

” /owr. 5 ’oc. Chem. Ind., 1910, p. 4. 
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with the alkaline liquor. In other words, the goods should not be 
taken from the kier until they are thoroughly cooled and only traces 
of alkali arc left in the fiber, otherwise there is danger of oxycellulose 
being formed leading to tender and discolored spots and streaks. Also, 
if the cotton, still containing the kier liquor of caustic soda, is left ex- 
posed to the air for any length of time, especially in the hot condi- 
tion, the surface liquor will become highly concentrated by evapora- 
tion, and this may ultimately reach a point where the caustic soda 
will become surticicntly concentrated to produce a mercerizing effect on 
the cotton, causing both severe shrinkage and a material alteration 
in its dyeing properties. Furthermore, if not washed directly in the 
kier, it will be more difficult subsequently to remove the various im- 
purities from the cotton, and so-called kier stains will be liable to de- 
velop which arc hard to get rid of. It has been mentioned that the 
chief impurities in the fiber which arc rendered soluble by the action 
of the alkali in the kier boil consist of so-called pectin bodies which 
form jellies on cooling; that is to say, a very small proportion of 
])ectin in solution on cooling will give a rather stiff colloidal mass and 
thus become as a precipitate in the fiber. If this is exposed to the 
air or allowed to harden by evaporation it will become very difficult 
to wash out, and the retention of this matter by the cotton will give 
all the effects of an imperfect boil. 

16. Faults in Boiling-out. 

Faults in the boiling-out of cotton may arise from kier stains due 
to improper circulation of the liquor or improper packing of the ma- 
terial in the k er or from rust in kiers which have not been properly 
cleaned and cared for. The use of dirty water or water containing 
iron will also develop kier stains. 

I'he necessary conditions to secure a complete and satisfactory 
boiling-out, according to Trotman and Thorp, arc as follows: 

(1) The use of suitable water; 

(2) Proper packing and good circulation of the hVpior in the kier; 

(3) Absence of air and oxygen from the kier; 

(4) The use of sufficient alkali; 

(5) The complete removal of the lye immediately after the boil; 

(6) Avoidance of direct contact of the goods with steam pipes; 

(7) The use of pure chemicals; 

(8) Maintaining the kier in a clean condition. 

Other defects in boiling-out arise from the use of too strong lyes, 
too high temperatures or too prolonged a boiling, in which cases the 
fiber may become injured. Allowing the goods to cool in the waste 
lye is also liable to develop stains and uneven streaks. The exposure 
of the goods to the action of air when saturated with the hot lye will 
tend toward the formation of oxycellulose, and this leads to the tender- 
ing of the goods and the formation of stains. This is especially liable 
to be the case when open kiers are used, and the top layer of the goods 
is incompletely submerged beneath the boiling-out liquors. In the use 
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of closed kiers care should be liad that all air is replaced by steam 
before the actual boilin^^-out is commenced. 

A fault which is sometimes found in kier boiling is the formation 


Fk;. 140. — ^Rusden Kicr with Off-Center Opening (le\t. Imii. Mchy. Co.). 



of “shot holes” in the cloth. The cause of tliis defect is not thor- 
oughly understood ; by some it is attributed to the action of steam 
attacking goods through the false perforated bottom of the kier; by 
others, to a bad circulation due to hard places caused by improper 
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folding down of the cloth. Trotman suggests that it may be caused 
by friction of the cloth against rough spots on the side of the kier 
resulting from the accumulation of lime deposits. These deposits are 
liable to form in kiers used for lime boiling if the sides are not fre- 
quently scraped down; also it is advantageous to alternate the lime 
and soda ash boils in the same kier as this will materially assist in the 
removal of the rough projections. 

Trotman and Pentecost consider the absence of air and oxygen 
as the most essential condition to good results in caustic soda boiling. 
Not only do residues of air in the kier cause oxidation of the fiber, but, 
by expansion, cause air bubbles which protect the cotton from action 
of the alkali and thus produce local imperfections in the boil-out. 

17. Loss in Strength on Boiling-out. 

With regard to the loss in strength of the cotton which may be 
brought about by the action of boiling-out, Scheurer^'^ found from 
carefully conducted experiments that if all air is excluded in the boil- 
ing-out a treatment for 8 hours at 150° C. with a caustic soda lye did 
not produce any perceptible decrease in tensile strength of the cotton 
fabric. It was found, however, that the presence of even very small 
amounts of air produced a weakening effect, probably due to the 
formation of oxycellulose. Scheurer found that it was necessary in 
his tests even to treat the cotton first with alcohol in order to eliminate 
the air held in the pores of the fiber in order to obtain the ideal condi- 
tion. 

Trotman and Thorp point out that the danger of producing oxy- 
cellulose is qi ite as great with the lime boil as it is with the caustic 
soda boil, and, m fact, complaints of tendering are usually far more 
common where the lime boil js used. These, however, are generally 
caused by a local “burning,’’ owing to careless slaking or the use of 
unsuitable lime, for if lime be badly burnt or contains much mag- 
nesia, it slakes very slowly, and the unslaked particles mav pass into 
the kier liquor, and, becoming entangled in the cloth, may become the 
cause of local tendering or “burnt” spots. 

A very systematic investigation of this matter was undertaken by 
Theis.^^ Proceeding upon the idea that the weakening effect in boiling- 
out was caused by oxidation in the kier, experiments were made witli 
the use of reducing agents added to the kier liquor for the purpose of 
neutralizing any oxygen present and thus avoiding the possibility of 
the formation of oxycellulose. For this purpose sodium bisulfite was 
used. The following table shows the main results of these experiments. 

Mean Strength 
Warp and Filling 

100.0 

• 

. . . 82.2 

.... 79.1 
. . . 78.0 

/oftr Soc. Chem. Jnd , igio, p. 4, 

’’ Mulhausener Berichte, 1888. 

** See Tbeis, Breitblekhe, 


Kier Treatment 

Raw fabric 

High pressure, soda ash, 8 hours . 

High pressure, lime, 8 liours 

High pressure, i soda and 2 lime 

Open kier, caustic soda 4° Be., i hour 
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Kicr TrcatiTUMit 

Boiling 5 hours at 14 lbs. pressure: 

Caustic soda 4° Re. alone 

Same, with 10 gms. bisulfite to liter 

Caustic soda 6° Be. alone 

Same, with to gms. bisulfite to liter 

Caustic soda 8° Be. alone 

Same, with 10 gms. bisulfite to liter . 

Caustic soda 10° Be. alone 

Same, with 10 gms. bisulfite to liter . . 


Mean Strength 
WCirp and Filling 



67.1 


77.2 


58.6 

60.5 

53-6 


5 Q .5 


574 

63.6 


Other interesting tests made by Theis arc shown in the following 
table, an ex])eriniental kier being ii.scd with 1000 liters of water and 
under the conditions as stated: 


BOILING 4 HOURS UNDI-R 2 ATMOSPII ERLS PRESSURE 


Kier Liquor 

Raw fabric 

Boiled-out usual manner, high pres.sure, 10 hrs 
15 kg. caustic soda solidd 

5 1 . bisulfite (36° Be.) > 

I 1 carbon tetrachloride I 
15 kg. caustic soda solidl 

5 1 . bisulfite (36° BC) r ‘ ' 

5 1. alcohol I 

20 kg caustic soda srdid 1 

7 1 . bisulfite (36® Be.) r 

5 1 . Turkey-red oil J 

20 kg, caustic soda solid \ 

0,5 1. benzene j 

Tests conducted under th.e same conditions of kier liquor but boil- 
ing for I hour under a pressure of 8 atmosfiheres gave proportionate 
but slightly lower results. As a result, however, of various tests, it is 
advised not to use a kier temperature of over 130° C., as above this 
temperature the operation becomes dangerous to the strength of the 
material. 

According to Trotman and Pentecost^® the use of caustic potash 
will materially decrease the time of boiling-out as compared with the 
use of caustic soda, and this substitution may be made where the extra 
cost of the alkali is more than compensated by the gain in time. Ex- 
periments have shown that in any length of time less than that neces- 
sary for the complete action of soda, potash will always remove about 
20 percent more than soda when used in equimolecular solutions. 

The relative scouring values of different alkalies used in kier-boil- 
ing may be rated by a comparison of the amounts of impurities re- 
moved from the cotton under exactly similar conditions. Trotman 
and Pentecost’® give the following results of experiments on this 
feature : 

Jour Soc Chem. Ind , 1910, p. 4. 

Idem. 


Mean Strength 
Warp and Filling 
. .. 1000 
.. 95-1 

■ 107.7 


107.2 


. 106.8 


99.5 
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Alkali Used 
Caustic potash . . 
Caustic soda . . 
Sodium carbonate 
Sodium borate . 
Sodium silicate 


Loss in Percent 
. . . . s.oo 
.... 440 
370 
. . 2 80 

2.40 


The danger of nicrcerization of the goods in boiling-out seems to 
be much exaggerated if the conditions of the process are clearly con- 
sidered and compared with the conditions that are known to be neces- 
sary for merccrization. In the lime boil there is little or no chance 
of merccrization taking place as the alkali employed in this case is 
chiefly soda ash, and even where caustic soda is employed as an ad- 
junct, its concentration is far too low. In the caustic soda boil itself 
it can hardly be understood just how merccrization can take place, as 
in the first place, the concentration of the alkali is far below the 
mercerizing point, and also merccrization proper does not occur at 
high temperatures such as employed in kier-boiling. The only pos- 
sibility, aj)parcntly, of mercerizing being possible is the u.se of cold 
concentrated caustic soda solution as an addition to the kier liquor, so 
that this mercerizing liquor comes in contact with the cotton before 
there is a chance for its proper dilution. Such a method of adding 
the caustic soda liquor to the kier, however, is a very improper one 
and is not liabV to be luactised in any successful bleachery. On the 
whole, it may be said, therefore, that the mercerizing bugbear in kier- 
boiling is more the product of an unscientific imagination than a 
real fact. 



(Chapter XV. 

The Boiling-out of Cotton (Cont.). 

I. Apparatus Used in Boiling-out. 

The principal apparatus employed by the bleacher in the process- 
ing of his goods is the kier. This is really nothing more than a boiler 
in which the yarn or cloth is boiled with the alkaline liquor. The con- 
struction and types of kiers have undergone many changes since this 
method was first brought into use. Illustrations of some of the early 
forms of these kiers have been presented to the attention of the 
reader in the preceding pages. At first a simple wooden vat was used 
in which the goods were placed to be treated with the hot liquor, and 
tlie alkaline lye itself was heated independently in a copper or iron 
kettle by the direct heat of a fire. 'I'he hot liquor was then ladled out 
bv hand and poured over the goods, and after passing through the 
latter ran off at the bottom of the kier back into the heater. This 
tvpe of apparatus is described by Berthollet.^ The deficiencies of such 
an apparatus were, of course, very soon made apparent; in the first 
place, it was not possible to keep the liquor in the kier at a tempera- 
ture anywhere near the boiling point. The best that could be done in 
this respect, according to Berthollct, was to maintain a temperature 
of about 190° F. Also there was poor circulation and the goods 
were subjected continually to the action of the air. In those days the 
liquor employed consisted of a solution prepared by leaching out wood 
ashes, and was therefore mostly potassium carbonate. As this was 
rather costly, however, later on milk of lime was used. Another form 
of primitive apparatus was one in which a kettle or boiler of metal 
was used for heating the lye directly over a fire, and into this kettle 
there could be raised and lowered a basket made of strong reeds and 
which contained the goods to be treated (see Figure 2). This is 
described by Tenner in his book entitled Anlcitung niittelst dephlogis- 
tisierter Salzsaiire zu Blelchen." By this means the liquor could be 
maintained at the boiling point, and furthermore by moving the basket 
up and down in the kettle a better circulation of the liquor through the 
goods could be obtained. A very similar form of apparatus is de- 
scribed by Pa jot des Charmes.^ A distinct improvement is to be found 
in the apparatus of William Floyd.* In this case a copper boiler heated 
in a direct fire was used ; this contained the lye and was connected by 
pipes at top and bottom with the adjoining wooden kier containing 

’ Anfangsgriinde der Fdrhekunst, Berlin, 1806. _ r • • 

* Anleitung mittelst dcphloghtisierter Salssaurc zu Blcichen, Leipzig, 1793. 

» Die Bleichkunst. Breslau, 1800; see also figure 105 
‘Described in Brit. Pat. 2073 of i795» and shown in figure 106. 
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the goods. An overflow or safety pipe was. arranged by running a 
vertical pipe up from the top of the boiler. By this arrangement the 
liquor circulated through the kier, going in at the top and coming out 
at the bottom, very much in the same manner as to be seen at the pres- 



Fin, 141. Small Special Kier for Expcrimcnial Foiling ('J'rxt. Fin. Mchy. Co.). 

ent time in domestic hot water boilers heated from without by a gas 
flame in contact with a long coil of copper pipe. A very similar type 
of kier is later described by Persoz as operating in the bleachery of 
Dollfus Micg in Mnlhausen (see Figure 107), it being so constructed 
as to have a kier on each side of the boiler. 

^ Trait e theorique ct pratique de I'impre^don dcs tissues, P.nis, 1846. 


270 


BLEACHING 


2. Pump Circulation in Early Kiers. 

A rather primitive type of kier, employing, however, a mechanically 
operated pump, is described by Samuel Parkes.® An outside boiler 
heated by a direct fire was used and the liquor simply ran into the 
kier by gravity (see Figure loS) ; a pump, however, was used to carry 
the liquor from the bottom of the kicr back into the boiler. The first 
time apparently that a central vomit pipe was used in a kicr is in the 
description of Kurrer.'^ This a])paratus consisted of a wooden kier 
erected directly over a copper boiler placed over an open fire ; the kier 
had a perforated bottom through the center of which rose a pipe ex- 
tending through the kier and with its lower end dipping into the heated 
liquor in the boiler underneath (see Figure loq). Another form of early 
kier provided with a pump for the circulation of the liquor is that of 
Widrner and described in the book by Berthollet quoted above (see 
Figure no) ; in this type of kier the kier j)roper is located directly over 
the boiler as in the last form described. A pipe runs down through 
the center of the kier and into the boiler, and this pipe is so operated 
by a pump as to draw the hot li(|Uor iq) to the top of the kier so as to 
percolate through the goods and then run back into the boiler through 
the perforated bottom of the kier. 11ie kicr of Kurrer was modified 
by Kreisig® using an all-metal boiler and kier, forming really one piece 
of ay)paratus ; the boiler being the lower part of the kier and being 
placed directly over a fire (see Figure io()). This is prol)a1)1y the first 
instance of a metal kier being used, d he internal center vomit pipe 
with a distributing head at the top was also employed. 


3. Use of Steam for Circulation. 

The use of steam for circulating the liquor by means of an injector 
was not introduced until later, though even the early lype of this kier 
was constructed entirely of wood. About i/qo a French chemist Chap- 
lal made the observation that if cotton goods were saturated with an 
alkaline liquor and then steamed the impurities could be more easily 
removed than by simply boiling in the liquor. This idea was probably 
the basis on which John Turnbull devised a method and apparatus for 
boiling cotton.® The cotton was saturated with the lye and then placed 
in an apparatus in which it was subjected to the action of live steam. 
O'Reilly also took up Chaptal’s idea and constructed an a])paratus 
which consisted essentially of a heater or sort of oven in which were 
two reels on which the yarn or cloth could be wound and transferred 
from one to the other. The goods were impregnated with the lye and 
then worked back and forth in this oven which was also provided at its 
bottom with a shallow tank or boiler heated by a direct fire underneath 
the goods, being thus subjected to the action of steam as they were un- 
rolled from one reel to the other. It was found, however, that in order 
to obtain a satisfactory boiling-out the treatment had to be continued 


•Chemical Essays, vol. 4. Lonflon, i 8 iq 

’ Die Kunst vegetabilische Stoffc cti Jileichen. Number^, ig-P- .^11* o 
• Der Zeugdruck und die damit vcrbundenc Jiletcheret und Farbcrei, Berlin, iH 34 - 
•Brit. Pat. 2445 of 1800 . „ 

Essai sur le hlanchimcnt, Pans, 1801. 
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for 20 to 30 hours. Hcrmbstadt adopted this same process, but mod- 
ified it so that the cloth was made to pass through the boiling lye in the 
bottom of the oven and then was carried up and over a reel, and then 
reversed in its motion by another reel. This method of operation was 
found to cut down the time necessary for treatment to about 4 hours. 
These methods of boiling-out were probably the first instances of treat- 
ment of the goods in open width form rather than in a packed mass or 
in rope form, and arc interesting in the study of the later development 
of the open-width processes of boiling-out and bleaching as is shown 
in the Mather & Platt type of kicr. 

Theis,^“ in reviewing the early development of the art of boiling- 
out and bleaching states that at the beginning of the 19th century the 
following methods of boiling-out were known and practiced : ( i ) 

Pouring of the hot lye over the goods contained in an open kier or 
tank, the operation being conducted by hand; (2) the use of a me- 
chanical pumping device for circulating the lye, as shown in the ap- 
jxiratus of Widmer, hdoyd, Neumann and Parkes; (3) steaming of 
the goods impregnated with the lye in the open-width (Chaptal) or in 
the rope form (Turnbull) and under a slight pressure. This seems 
to be ihe first attempt to employ pressure in boiling-out; (4) alternate 
steaming and treatment with the lye and under slight pressure in a 
closed vessel as in the process of Hcrmbstadt. 

4. Modern Apparatus. 

As engineering science developed many improvements were made 
in the construciAn of boiling-out kiers. In the first place, the use of a 
direct fire for he uing the liquor was soon dispensed with and the heat- 
ing was done by means of high pressure steam provided from an in- 
dependent boiler. Also the use of wooden kiers was abandoned for 
the stronger and larger iron or steel kiers. The methods for circulating 
the liquor were also much improved, and various mechanical devices 
were introduced to facilitate the handling of the goods, and even in 
some cases the entire structure of the kier was changed so as to permit 
the goods being boiled-out in the open-width form (as in the blather 
& Platt kier). tVith the use of steel construction it became j)ossiblc to 
use closed kiers and carry out the boiling at a high pressure and at a 
consequently higher temperature, a feature which allowed of much 
saving of time and a more complete boiling-out. At the present time 
kiers arc almost entirely of the closed pressure type. 

5. Methods of Heating Kiers. 

With regard to methods of heating, modern kiers may be divided 
into three types: (a) heating by direct steam within kier, (b) heating 
by indirect steam (closed coil) within kier, and (c) heating by steam- 
chest outside of kier. The method of heating by direct steam has the 
advantage of simplicity of construction especially when the heating is 
combined with the function of circulation, as when a steam injector 

AUgemeine Grunds'dtse dcr Bleichkunst, Berlin, 1804. 

”/?tV Strangbleiche baumwollener Gewebe, Berlin, 1905, p. 12. 



BLEACHING 



is used This method, however, lias the disadvantage of bringing the 
goods into more or less direct contact with highly heated steam, and 
this may cause injury to the cotton; also the 

steam wdth its consequent condensation is continually diluting the 
iiquor in the kicr. In order to avoid the bad features just enumerated, 
instead of heating by steam directly introduced vvith an open coil, 
another type of kier uses a closed steam coil located m the bottom q£ 
the kier and beneath the false bottom so that the highly healed pipes 
may come in contact only with the liquor and not with the cotton ma- 
terial. This method of heating, of course, precludes the possimlity oi 
using an injector method of circulating the liquor and the latter has 
to be done by a pump or other means. With the closed coil system of 
heating the time required to bring up the temperature is longer, but 
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there is no dilution of the liquor nor danger of locally overheating the 
cotton. The outside type of heater also uses a closed steam coil but 
situated in a separate chest or boiler usually in a vertical cylinder 
placed alongside the kier. This method of heating has also to be com- 
bined with circulation by means of a pump or a vacuum chest. The 
outside method of heating seems to be growing in favor and doubtless 
offers certain advantages of control which make it more desirable than 
methods of heating within the kier. In order to economize heat the 
kier together with the various pipes and accessories for steam and hot 
water, should be covered with a suitable insulating material to prevent 
excessive heat losses by radiation. 


6. Methods of Circulating Liquor; Injector System. 

With respect to methods employed for circulating the liquor, mod- 
ern kiers may be classified as follows: (a) injector kiers, (b) pump 
system, and (c) vacuum system. The injector principal of circulation 
is usually considered the older form, but it was really preceded his- 
torically by a method of pumping, although since the introduction of 
the pressure kier it may be said that the injector method of circulation 
was at first used and the pump system was not introduced until later in 
connection with this type of kier. The principle of the steam injector 
is shown in Figure iii. The high pressure steam is introduced through 
a narrow conical opening and coming in contact with the liquor in a 
slightly expanded chamber gives to it to some extent the great velocity 
of the steam, and at the same time owing to the rapid condensation of 
the steam by the liquor at the extremity of the cone, forms a continuous 
column of liqiujr with the high pressure of the steam back of it. A 
modification of ihe injector is the old form of puffer pipe (see Figure 
1 12), where a blast of steam is simply introduced into a pipe filled with 
liquor, with the result that the pressure of the steam blows the liquor up 
through the pipe. The same method is also employed in the old type 
of kier using a closed steam coil for heating underneath a perforated 
dome and so arranged that the quickly heated liquor is given sufficient 
local pressure to force it up a central vomit pipe to the top of the 
kier (see Figure 113). As the force of circulation in this type of kier 
was not very great and the liquor could not be lifted to any consider- 
able height, the kier was usually made rather flat in shape. 

In kiers of the type with inside injectors the pipes for the steam and 
the kier liquor should be at least of the size given below : 


■ of liquor per liour 

Steam pipe 

in liters 

ill mm. 

7.500 

40 

10,000 

50 

15,000 

50 

30,000 

60 


Water pipe 
in mill. 

50 

60 

80 


100 


Sharp bends in ])ipcs should be avoided in order to reduce the friction 
of circulation. The kier should be filled as completely as possible with 
liquor. Closed kiers must be provided with an efficient safety-valve 
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Fig. 143. — Outside View of Mather Kicr. 

SO arranged that the internal pressure cannot reach a point greater than 
one atmosphere lower than the steam pressure. Care should be taken 
that the safety-valve is always in working condition. 

The injector system of circulation when used in connection with 
open kiers will not raise the liquor above the boiling point, but when 
used with closed kiers a temperature considerably above the boiling 
point can be reached. In the latter case the pressure of the steam 
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supply should be at least one atmosphere higher than the pressure in 
the kier. 

One objection that has been raised to the steam injector type of 
circulator is the rather large expenditure of steam required to carry 
over the liquor, this being especially pronounced in the case of high 
pressure kiers. Also the steam is continually condensing in the kier 
liquor and thus diluting its strength. Another objection is due to the 
fact that when the liquor gets up to about the same temperature as the 
steam the result will be that only foam and very little actual liquor 
will be carried over. The steam injector therefore to work effectively 
needs a supply of steam at a pressure very much higher than that at 
which the kier is worked. The puffer pipe and the coil heater type 
were usually only adapted to either a low-pressure kier or better an 
open kier. 

A rather unique form of injector kier was that of Taylor and made 
by Mather & Platt (see Figure 123). In this apparatus the injector 
was more of the order of a puffer pipe and was located in a separate 
small kettle outside the kier. This kier was used in the early 70’s in 
England, but lias now gone out of style. 

7. The Pump System. 

The pump system of circulation may be operated in two ways, 
either by the use of a centrifugal pump or with a plunger pump. The 
former is the one generally used. There are certain difficulties in this 
system which have to be overcome by well-studied engineering tech- 
nique; in the first place as the liquor operated on is at a high tempera- 
ture, the expansion of the pump parts is liable to give trouble; in the 
second place, sj.^e the pull of the pump is really due in some degree to 
its creating a va^ uum, when a very hot liquor is in question there will 
be produced a considerable amount of vapor which will be blown over 
by the pump rather than a continuous stream of liquor. This difficully, 
however, is perhaps less in the case of the centrifugal pump than with 
the plunger pump. The circulation by centrifugal pump is becoming a 
popular type of kier and practical results seem to indicate a high 
degree of efficiency. 

8. The Vacuum System. 

The vacuum system of ciretdation (such as is employed for ex- 
ample in the Jefferson type of kier) uses a rather unk|uc principle for 
the automatic making and breaking of a vacuum produced in an out- 
side steam chest, so that liquor is drawn into this chest and then blown 
over by direct steam pressure, the steam in this manner also acting 
to heat the liquor. A kier devised by Trotman and 1 'horp also works 
on this same general principle. By the use of an electrical device for 
opening and closing the steam valves the Jefferson kier becomes com- 
pletely automatic in its operation. 

g. Kiers for Loose Cotton. 

The type of machinery employed for the boiling-out of cotton will 
naturally depend on the character of the goods being treated. In the 
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case of loose cotton the boiling-out (as well as the succeeding opera- 
tions of bleaching) is conducted in a closed apparatus in which the 
liquor is circidaled through the material by means of a pump. This 
machine consists of a cylindrical iron vat provided with a perforated 
false bottom and a perforated cover. The cotton is packed into the 
vat as uniformly as possible, then the cover is placed in position and 
screwed down securely. A circulating pump is connected with the 
space beneath the perforated false bottom and also to the space above 
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the cover, so that the li(}uor in the vat is forced in at the bottom and 
up through the cotton and then taken off again at the top. Loose cotton 
stock will pack down more firmly in a kier than either yarn of clotli, 
and consequently the mass will be less easily penetrated by the liciuor, 
for when the cotton is impregnated with the hot caustic soda solution 
the fiber becomes quite plastic and gummy in consistency, which makes 
it consolidate to almost a solid mass. On this account kiers for boiling 
out loose cotton should be of a moderate height so as to present less 
thickness of material for the liquor to penetrate ; or if the usual propor- 
tion of height of kier is used a higher pressure must be employed to 
obtain good circulation. Loose cotton is extensively boiled-out for the 
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preparation of absorbent cotton for surgical purposes and also for the 
making of gun-cotton. 

Lcsidcs llie raw loose cotton which is boiled-out for bleaching pur- 
poses there is a large amount of cotton waste of different degrees of 
purity which is also boiled-out for use in making surgical absorbent 
cotton, as a basis for celluloid, and for cotton wadding and batting 
used in upholstery work. 'I'liis cotton waste sometimes contains a con- 
siderable amount of mineral oil and dirt. Cotton linters (which arc 
the short low-grade fibers obtained in the second ginning of the cotton- 
seed) arc also extensively used for the above-named purposes and 
must be subjected to the boiling-out process. Linters contain a large 
amount of broken seed-hull and dirt, as well as a large proportion of 
oik To obtain good clean products from these low-grade materials 
it is necessary to carry out a very thorough boiling process. A popular 
German type of kier for loose cotton and waste is shown in Figure 115. 


10. Kiers for Skein Yarn. 

Skein yarn may be boiled-out in open tanks or in closed kiers. In 
the former case round wooden tanks are used provided with a false 
perforated bottom, (drculatiou is obtained cither by a central vomit 
pipe leading from the bottom of the tank up to the top, or by one or 
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more external side pipes into which steam may be injected at the bot- 
tom, thus carrying tlie liquor upward and distributing it over the goods 
at the top. More satisfactory boiling, however, can be obtained by 
the use of closed pressure kiers. These are cylindrical vessels con- 
structed of boiler-plate iron, provided with a movable top for the intro- 
duction and removal of the goods, and are constructed in various sizes 
according to need from a capacity of 1000 to 10,000 lbs. of material, 
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The circulation of the liquor is procured by a variety of means depend- 
ing on the special type and construction of the kier, as explained above. 

In packing skein yarn into kiers the separate skeins are usually 
headed up into bundles of about two pounds weight, the method being 
to take this amount of skeins and then run a single skein through and 
fasten with a loosely tied loop. These packages of yarn are then 
systematically packed in the kier as uniformly as possible, overlapping 
the layers so as to avoid making channels. Another way of handling 
is to tie small bundles of the skeins together with a piece of small 
cotton rope so as to form a continuous chain and to run the goods in 
this form. Outside of the difference in handling in this manner the 
boiling-out of skein yarn is conducted practically in the same way as 
with warps or cloth. The mass of skein }arn in the kier is generally 
rather easily penetrated by the liquor, even more so than with cloth, 
though owing to the comparatively large unit packages there is more 
danger of channelling, especially at the sides of the kier, and along 
the central vomit pipe if such be present On this account particular 
care should I e given to the proper packing of skein yarn. Tight and 
bulky knots should also be avoided. 

Kiers used particularly for the boiling-out of skein yarn in bundles, 
or other small package materials, such as hosiery, etc., generally have 
the top constructed somewhat differently than with kiers for cloth or 
chain warps. In the latter case the kier top is a fixed part of the kier 
itself, and the material is introduced and withdrawn through a manhole 
located either towards the side of the top or at the center. Kiers for 
boiling-out skein yarns, however, are provided with a top which is 
completely removable from the kier and which is held in place by 
strong swivel bolts. A type of kier of this character is shown in Figure 
1 16. This particular kier is provided with a rotary pump and the liquor 
is circulated up through a central vomit pipe. The heating is done with 
a closed steam coil beneath the false bottom within the kier. The mov- 
able cover contains the blow-off and safety-valves and the pressure 
gauge, and there is an overhead tackle or swinging crane for lifting 
the cover and moving it to one side during the packing and unpacking 
of the kier, A small type of kier for boiling skein yarn is shown in 
Figure 117. This is provided with three outside injector circulators 
located on the sides of the kier. The top is completely removable and 
is lifted by means of a chain and set of gears turned by hand. Such a 
kier is very useful in a small bleachery. 

Whatever type of kier is used, and in whatever form the cotton 
may be boiled-out (w^hether skein yarn, chain warps, or cloth), it is 
very essential that the material be packed into the kier in such a man- 
ner as to promote oven distribution and circulation of the liquor 
through the cotton. In other words, the density of the material 
throughout the kier should be as uniform as possible. If the goods 
are introduced into the kier in a haphazard manner they will pack 
down so that some parts are closely packed while others are loosely 
packed, and such a condition will, of course, result in a channeling of 
the liquid in passing through the cotton, so tliat some portions will be 
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Dver-boilecl and others under-boiled. Even boiling is one of the chief 
problems which the bleacher must deal with, and the chief factor in 
this problem is even packing of the goods in the kier. 

When iron kiers are newly used there is always considerable rust 
to be met with on the sides which are liable to stain and damage the 
goods. This rust should be well scraped off with a wire brush, and the 
sides of the kier given a coat of whitewash, or better yet, a coat of 
cement which may be brushed on. The use of the kier with alkalies 
will tend to harden this coating. In the case of kiers used in lime- 
boiling the lime liquor will soon form a hard scale on the surface of 
the iron which will prevent rusting. 

II. Types of Open Kiers. 

The open type of kier is shown in tlie following Figure iiq. The 
circulation in this case is obtained by a central vomit pipe running up 
til rough the kier and surmounted by a dome shaped spraying device 
whicli throws the liquor evenly over the entire surface of the goods. 
The steam is introduced at the bottom of the kier beneath the false 
bottom, and this forces the li(|uor in the well up through the vomit 
pipe. Such kiers are usually provided with a removable cover with a 
vent-pipe for the escape of the steam. When loading and unloading 
the kier the entire cover is removed. 

Another more modern form of open kier is shown in P'igure 118. In 
this apparatus the circulation is produced by means of a centrifugal 
pump, which forces the liquor through an outside tubular pre-heater 
and thence over the top of the goods in the kier. This kier is con- 
structed of iron, and is recommended for use in the boiling of fabrics 
containing colored headings or stripes, of such character that boiling 
in a pressure kier would cause the color to run and stain the whites. 

In open boiling care must be exercised that the goods are packed 
very uniformly, otherwise on account of lack of pressure in the kier 
the liquor will not penetrate through the filler. Also it is necessary 
to ayoid exposure of the fabric above the surface of the liquors during 
the boiling operation; on this account a latticed wooden grid is placed 
over the toj) of the material so that it is completely submerged beneath 
the liquor. After the boiling-out is finished and the hot liquor run off. 
the kier should be immediately filled with hot water to prevent any of 
the cotton from becoming dry before wxishing out the alkaline lye. 

According to Trot man and Thorp the difference in the action of the 
injector and the puffer pipe is that the former gives a continuous cir- 
culation for a much smaller expenditure of steam, as the cones of the 
iniector arc proportioned to utilize the velocity of the steam in an 
efficient manner, so that the heating of the liquid is only gradually 
affected and reijuires much longer than with the iiuffcr. The puffer 
really consists of a small conical chamber somewdiat like an inverted 
flower pot, and this is fixed in the well beneath the false bottom of the 
kier and is provided wdth ajiertures for the inlet of liquor which has 
drained through the cloth into the well. A vomit pipe of 4 to 5 inches 
diameter rises from this cone through the center of the kier and 
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terminates at the top in a bonnet which acts as a spreader, the latter, 
of course, hein^ situated above the line occupied by the j^^oods in tlie 
kier. A steam no/'/lc, not however reduced to a small cone form, rises 
into the center of the puffer base, and almost up the t(jp of this base, 
where it enters the vomit pipe. In order to obtain proper results with 
the puffer it is necessary that this height of the steam nozzle should 
be carefully adjusted, for it is necessary to avoid the discharge of 
the steam into the well rather than up into the vomit pipe. The opera- 
tion of the puffer is intermittent, hence its name. The well liquor 
rises in the vomit ])ipe to a level depending on the amount of liquor 
in the kier; the steam discharging into this column of liquor heats 
and expands it until a ])oint is reached when the steam no longer 
condenses, with the result that the whole column of liquor is ejected 
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bodily up against the spreader and thus siiraycd over the top of the 
goods. A frcsli column of relatively cool licpior immediately rises in 
the tube and the operation is rejiealed. In this so-called vomiting or 
mildly explosive intermittent mode of circulation of the liquor there is 
a sort of pumping action on the mass of the goods in the kier, with the 
result that the goods rise and fall in the liquor to quite some extent, 
this effect being more apparent with heavy cloth than with light and 
spongy fabrics. It is claimed that this motion of the goods causes 
continual changes in the contact with the liquor which makes for 
thorough and uniform penetration. ( )n the other hand goods with col- 
ored headings are more liable to show a bleeding with this action than 
when a gentler and more continuous circulation is employed. The 
lifting capacity of the puffer against the pressure of the licptor in the 
kier is less affected by rise in temperature than is the case with the 
steam injector; in either case, however, there is danger of a discharge 
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of steam directly on the goods when the temperature of the kler liquor 
reaches a j)oint near its maximum. On this account it is well to lag 
the vomit [)ij)e with sacking or burlap in order to break the flow of 
steam. It is necessary for the operator to maintain a supervision over 
the flow of steam in the kicr, so that if the steam pressure at the top 
of the kier becomes greater than the pressure of the lujuor in the well, 
the flow of steam must be checked until equilibrium is re-established 
and the boiling carried on at a more moderate pace. 

When either the injector or puffer system is used with an open 
kicr, it may sometimes be found that due to lack of penetration or loss 
by boiling over, there may be a dericicncy of litjuor in the well. This 
is especially liable to happen at the start of the boil before the goods 
have become well soaked and the liquor docs not drain down quickly 
enough. When this condition develoj)s it is necessary for the operator 
to by-pass the li([iior from the top of the kier through a suitable valve 
and ])ii)e, or sometimes a rather primitive arrangement is resorted to 
such as the insertion of a stout wooden beam at one side of the kicr 
during packing, and this is agitated to make a groove for the flow of 
the li(iiior directly down through the mass of goods. Whatever the 
device employed, however, it must be emphasi/cd that steam should 
not be allowed to collect in the bottom well, which should be always 
filled with liquor. 

12. Types of Pressure Kiers. 

y\t the present time the open type of kier is very little used except 
in small bleavbing installations, and chietly for the boiling-out of skein 
yarn. Soineti'nes where a bolling-ont is desired jireviotis to dyeing, 
and not for bleaching, the open kier is still used. For most purposes 
of bleaching, liowxwer, the open kier has given way to the closed pres- 
sure type of kier, which operates much more efflciently and thoroughly. 

In Jb’gure iiQ is showm the diagram of a pressure kier where the cir- 
culation is brought about liy an injector in a central-vomit pipe. A kier 
of this character () feet deep and 6 feet in diameter will hold about 
4000 lbs. of cloth and somewhat less of yarn. Another form of a 
similar type of kicr is shown in Figure 120. 

I'here is another ty]>c of injector wdiich has the circulating pipe 
outside of the kier. d'he principle of its action is practically the .same 
as the foregoing, the licinor being sucked from the bottom chamber of 
the kier, and forced up through the circulating jjipc and sprayt^d over 
the top of the goods. Having the circulating pipe on the outside of 
the kier has the advantage of leaving the kier free of obstructions 
inside so that more goods can be introduced ; and furthermore it greatly 
simplifles the uniform j)acking of the goods, as it is rather difficult to 
prevent channelling along an inside central vomit-pipe. An outside 
circulation kicr is shown in Figure 121. 

Another form of the outside injector type of kier is that made by 
Allen; this is an American built machine (see h'igurc 122) and was 
formerly quite popular, but in more recent years has given way to a 
similar kier provided with a pump system of circulation, and known as 
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Fig. 147. — Thics Kier with Mechanical Feeder. 


the Allen-Worccster kier (see Figure 131). In pump kiers the pumping 
apparatus should be so designed that the entire body of the liquor 
in the kier is circulated every 20 minutes. Owing to the fact that the 
liquor is not diluted with steam as in the injector type, the pump 
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system of kier circulation has been rapidly growing in favor among 
bleachers. 

In the Barlow and Pcndelbnry kiers, which are used quite largely 
in England, the circulation is brought about by steam pressure alter- 
nately forcing the liquor out of the kier and then in again. In the 
Barlow design there are two large kiers provided and these must be 
run in sets of two. The goods in the first kier are boiled ; and then 
steam is introduced which forces the liquor over into the second kier. 
This action alternates about every 15 minutes. These kiers arc shown 
in Figure 124. When the kiers are first started, steam is blown into 
both kiers in order to expel all the air. Then boiling lye is run into 
the tirst kier until it is filled. Steam is now admitted through the cen- 
tral pipe, which causes pressure-boiling of tlie goods in the kier. 
After about 15 minutes the two-way valve is so adjusted that the 
steam is shut off and admitted to the top portion of the kier. This 
causes the liquor to be forced out through the goods to the pipe 
and then over into the second kier. The valves are then readjusted so 
as to boil the goods in the second kier for 15 minutes, when the liquor 
is again blown over into the first kier. The alternate boiling of the two 
kiers is continued for 4 to 6 hours to obtain a complete boil-out. In 
this system of t)oiling the goods are alternately steamed by saturation 
with high-pressure steam and then subjected to the action of boiling 
l}e. Whether or not these conditions arc the most desirable is a matter 
of doubt. This kier also requires considerable and constant attention 
in the regulation of the valves; furthermore, owing to the fact tint 
they must be operated in pairs, they require a large amount of goods 
to fill them. 

The Pendclbury kier is a modification of the Barlow system in 
which the second kier is replaced by a smaller reservoir into which the 
liquor can be alternately forced and withdrawn (sec Figure 125). With 
this exce])tion the principle of the action is the same. 

Idle more modern type of kier is automatic in its operation; the 
liquor being regularly circulated by means of some automatically con- 
trolled device or by means of a pump. The pump circulation is well 
illustrated in the Walsh kier (see Figure 126). In this kier the liquor is 
drawn from the bottom chamber by means of the centrifugal pump and 
circulated through the tubular heater, and thence forced again into the 
kier at the top. This type of kier is said to be jiarticularly adapted to 
the caustic soda boil since live steam does not come in contact with the 
boiling liquor. The boil-out is usually carried on at a pressure of 25 
to 50 lbs. per sq. in. and for 4 to 8 hours, de])endiiig on the nature of 
the goods. This kier is usually provided with two manholes and the 
cloth in rope form is run into the kier in two strings, one through each 
manhole. The speed of filling (and also of emptying) is about 200 
yards per minute. 

One engineering objection to the pump method of circulation is in 
the heat losses incurred in the outside circulation of the liquor and 
the rather low economy of transferring the force of the steam through 
secondary driving mechanisms. By covering the pipes, however, with 
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efficient insulating material it is possible to cut these heat losses down 
to a low point. 

The Jefferson kier uses an automatic device for the circulation of 
the liquor, and is being largely used in both America and England. 
The kier shell is similar to any ordinary form and is made in various 
sizes capable of holding from 1000 to 9000 lbs. of goods. The circulat- 
ing device consists of a receiver which is located alongside of the kier 
proper. The circulation is based on an alternate application of vacuum 
and steam pressure. The working of this kier can be understood by 
reference to Figure 127. After tlie kier is packed with the goods and 
filled with liquor, the latter drains through the eniuent pipe (i) anff 
check-valve (K) into the receiver (R) ; it also rises through the side- 
pipe (2) and into the hollow ball (B). This ball, together with its 
connected parts, oscillates tli rough a small angle on the pivot (V) and 
is counterbalanced by the weight (W). When the ball becomes filled 
with liquor its weight overbalances that of the counterpoise ( W), with 
the result tliat it moves down through a small angle and opens the 
steam valve (3). High pressure steam then passes into the receiver 
and forces out the liquor through the pipe (4) and the check-valve (5) 
into the top of the kier. 

As the steam is now shut off from the receiver, the residue therein 
condenses, resulting in a partial vacuum. This condition causes a fresh 
quantity of liquor to be drawn over by suction from the bottom of the 
kier, and the receiver and ball once again become filled with liquor 
and the cycle of operations start again. When the kier is first started 
the injector from steam-pipe (8) heats up the circulating liquor, and at 
the same time aids in the circulation, and indeed when the liquor is 
cold this injector first starts the circulation, and when it ceases its 
action the receiver automatically takes up the operation. In the opera- 
tion of the Jefferson kier it is essential that the steam ])ressnre at valve 
(10) should be sufficient to overcome the pressure in the kier together 
with the head and friction encountered in forcing the liquor from the 
receiver. The initial steam pressure should be at least 65 lbs. per sq. 
in. The need of high steam pressure and the complicated valves em- 
ployed are the chief objections to this kier. Otherwise it gives a very 
efficient and positive circulation with an automatic control, which 
highly recommends it. The intermittent discharge of liquor causes the 
goods to rise and fall in the kier with beneficial results in boiling-out. 
The consumption of steam in this kier is also relatively very small, and 
owing to the thoroughness of the circulation it requires less time and 
weaker solutions of alkali to effect the boiling than with most other 
kiers. 

A trouble which is sometimes experienced in kier-boiling is that of 
the turning over of the goods in the kier, causing great tangling and 
confusion when the goods are run out of the kier. This trouble may be 
due to two causes: (a) improper packing of the goods in the kier so 
as to allow of uneven pressure developing in the mass of the material, 
or (b) improper control of the circulation whereby a partial vacuum 
is produced in the upper part of the kier, causing the goods to be lifted 
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up and rolled over. This condition may sometimes arise by accident, 
as when cold water is admitted at the top of the kier during its opera- 
tion. This will cause rapid condensation of the steam in the vacant 
space above the goods and produce a vacuum. Or sometimes at the end 
of the boil cold water is admitted at the top for washing purposes, and 
if this is not done carefully the same condition of a vacuum may arise. 

In closed or pressure kiers the top of the goods should be covered 
with a stout cloth and held down in place by chains attached to the side 
of the kier. This is quite important as a practical precaution, for if 
the top of the goods is left free there is danger that some portion may 
be projected against the safety-valve outlet so that the internal pressure 
may rise beyond the proper point and even lead to an explosion of the 
kier. The top of the goods should also he held in place to prevent 
tangling and overturning due to rise of the whole mass by pressure 
from beneath. A good precaution to take in the construction of the 
kier is to have the outlets of the safety-valve and air-valve protected by 
a sturdy perforated bonnet. 

A rather ] opular type of kier in Germany and Europe is one in 
which the circulation is conducted horizontally through the kier rather 
than vertically from top to bottom. The apparatus is generally known 
as the Gebauer kier and is characterized by consisting of two concentric 
vessels, the one within the other, and the inner one with perforated 
walls. The kier also contains a central vomit pipe which is perforated 
almost its entire length. The circulation may be brought about by an 
internal injector at the base of the vomit pipe or by means of an out- 
side pump. An outside tubular heater is also provided. The liquor is 
forced up through the central vomit pipe and circulates out horizontally 
through the goods and thence passes back through the perforations of 
inner container to the bottom well. 'J'his type of kier is also known as 
the ^^sectional” kier. The general construction and method of operation 
of this type of kier may be readily understood by reference to Figures 
133 and 134. 

13. Steam in Kier Heating. 

The relation between steam temperature and its heating value as 
far as kier boiling is concerned is stated very lucidly by Trotman and 
Thorp as follows : When water is heated at atmospheric pressure, 
it rises to a temperature of about 100° C. (21 2^^ F.), at which tempera- 
ture boiling takes place without further rise of temperature, although 
additional heat be af)plied. This additional heat is not, however, lost, but 
does internal work in the nature of effecting mutual repulsions between 
the molecules of water, and when a definite amount of heat has been 
absorbed, the water changes its physical condition into that of steam. 
Thus taking as a unit the amount of heat which under normal at- 
mospheric conditions, raises i gram of water from C. to 1° C., it 
will be found that S37 units of heat are required to convert each gram 
of water at 100^ C. into steam at the same temperature. Tut if the 
water be enclosed in a vessel with a safety-valve set to blow off at a 

nit a thing and Finishing of Cotton Goods, p. 140. 
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pressure of, say, 2 atmospheres, the Icmjxiralurcs at which boiling can 
be maintained and steam liberated will be nearly 120° C, and the addi- 
tional heat that must be applied when this boiling temperature is 
reached in order to convert each gram of water into steam at the same 
temperature is 523 units, and the total heat units stored up in a gram 
of steam in the two cases are 637 and 643 respectively. Now the object 
of heating the liquor in a kier is not to convert it into steam, but to 
raise the liquor, wliich is the vehicle by means of which the drugs and 
heat are api^lied to the goods, to a temperature at which the impurities 
are most energetically attacked. In the application of live steam for 
heating purposes, the higher the pressure the greater is the heat con- 
tained in a given weight of steam, and the greater also its temperature. 
Also when live steam is used for heating and circulating in closed kiers, 
i( is essential that the pressure of the steam supply shall exceed that in 
the kier, otherwise the liquor in the kier will cease to circulate until it 
has cooled to a temperature below that of the steam. 

It has been observed that the heat contents of the steam consist not 
only of the units of heat put into the water to elevate its temperature 
to that of the boiling point, hut also of an amount which was expended 
in doing the internal work of vaporization. This quantity, known as 
the latent heat of vaporization, is stored up in the steam and delivered 
to the liquor during condensation. 

14. Special Forms of Kiers. 

besides the more usual type of kier for boiling-out, there ha\e also 
been developed special forms of apj)aratus which'differ quite radically 
in many featni ’s from the ordinary circulation kier. Some of these 
aie pell ticulai 1)^ constructed with the idea of treating cloth in the open- 
width form rather than in the rope form, or the special kier may be 
hut one part of a complete bleaching system operating under newdy 
developed mechanical principles. 

The Mather & Idatt kier is a well-known aiiparatus of this special 
type. The principles of its construction and operation arc'unii|ue. It 
may be .said to consist essentially of a horizontal closed pressure boiler 
or container for the goods which are packed in separate receptacles and 
not into the kier itself. Ivefercnce to the illustrations showai in higures 
142 and 143 will make clear the g'cneral operation of this machine. It 
may be employed for cither goods in the rope form or in the open- 
width; in the former case the cotton material is packed in trucks or 
wxigons with jicrforated bottoms, d'hese arc run on a rail into the kier 
and the door is closed. This door consists of a heavy w^edge shaped 
])iece of special construction so as to insure a tight fit. The liquor is 
heated in an outside boiler and is circulated by means of a centrifugal 
pump and enters the kier through spray pipes situated over the trucks, 
llcfore the goods arc placed in the trucks they are usually saturated 
with the alkaline solution to be employed in boiling-out. The kier 
within is also provided with open steam pipes for direct heating and 
with closed steam coils for indirect heating; the liquor may also be 
circulated in cither direction as required. Also a vacuum may be put 
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on the kier at the start to eliminate all the air. After boiling-out has 
been completed the goods are washed in the kier by the circulation of 
hot water. The Mather & Platt kier may also be used for boiling- 
out cloth in the open width, in which case a special set of carrier rolls 
is used in place of the trucks and the goods are rolled back and forth 
within the kier, and in this manner the cloth is exposed to the alkaline 
treatment. 

Another special form of kier is that of Thics-Herzig, which, how- 
ever, is used in connection with a complete system of bleaching and is 
more linked up with a special process and can therefore hardly be 
considered from the point of view of an individual kier treatment. 
The kier itself is very similar to any modern type of such apparatus, 
but is provided with a special form of impregnating and plaiting ap- 
paratus. The characteristic of the Thies-1 Icrzig system is a prelimi- 
nary treatment of the material with an acid solution which is used 
warm. After washing the goods arc impregnated with the lye and run 
into the kie^ through a telescopic jdaiting apparatus (see I'igure 147). 
I his plaiter '.onsists essentially of an upper funnel-shaped receiver 
suspended from above in a universal swivel joint; the cloth in rope 
form enters the funnel and passes down through the tube, which is 
jointed so that the parts slide into each other like a telescope, which 
permits of its being let down into or drawn up from the kier as desired. 
Ibe universal swivel is suspended in such a manner as to allow of an 
oscillating movement in any direction. The material passes over a 
drum and is w'ashed into the hopper or funnel with a flow of liquor 
supplied by a pump, d'he mechanical and automatic plaiting is said 
to give a very uniform and compact packing of the goods and also saves 
considerable labor. This mechanical plaiter may be used with other 
kiers or vats independent of the Thics-TTerzig system. The Thies kier 
system includes the kier proper, tw o auxiliary boilers for the purpose of 
alternately withdrawing the air and receiving the lye from the kier, and 
al.'^o a superheater for the lye. When the kier has been filled with the 
goods the boil-out li(|uor is forced in at the bottom until the kier is 
quite full, the air escaping through an escape valve at the top. By 
pumping the liquor from the auxiliary boiler into the kier a vacuum 
equal to about 10 lbs. is produced in the former vessel. By proper 
connection with the top of the kier this vacuum takes off any residual 
air from the kier and also starts the circulation of the liquor as the 
kiers fills up. By regulating suitable valves the pressure in the kier is 
now increased to about 45 lbs., the superheater is brought into operation 
and the boiling is continued for several hours at the prcs.sure of 45 lbs- 
In this system of kier boiling it is claimed that the alkali is used at a 
higher degree of concentration than in other systems and hence a 
smaller amount of liquor and steam is required. 

Another special form of kier is that of Jackson (manufactured in 
this country by H. W. Butterworth). It is particularly designed for 
boiling-out in the open width, and the cloth for this purpose is first 
batched up in a special saturating apparatus on two rollers set in a 
frame. Then the frame with the rolled cloth is run into the kier and 
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the treatment takes place in a manner very similar to that of the Mather 
& Platt kier (sec Figures 145 and 146). The kicr stands of course in a 
horizontal position and the liquor is circulated by means of a pump. 
The movement of the cloth back and forth on the rollers is regulated 
in an automatic manner. In the ot)en width system of boiling out it is 
claimed that a much more uniform treatment is obtained; also with 
cloth containing selvedges there is avoided the tendency to curl which 
often takes place when the cloth is run in the rope form and which 
frec|ucntly leads to much trouble. Of course a better width is left to 
the cloth and a less degree of shrinkage in length which makes the 
cloth fuller and less distorted. 

Another form of special kicr is that employed in the Edmeston- 
Pentz system. In this kicr the goods are not packed at all, but the cloth 
is run through a closed tank over sets of rollers either in the rope form 
or in open width (see Figures 1 pS and 249). In (his way the cloth is 
brought into contact wdth the boiling liquor and is then given a brief 
contact with live steam. Warps in the rope form may also be treated 
in this kier in a similar manner to cloth. The material enters and leaves 
the apparatus through liquid seals and therefore only a moderate pres- 
sure can be obtained within the kier lank. Depending on the weight of 
the cloth the rate of [lassagc through the bier varies from 30 to 45 yards 
jicr minute. 

.Somewhat the same idea has been a])plied to a continuous method 
of boiling-out and blenching cloth or w'nrps, the goods being run slowly 
through a series of tanks in the which the different operations are car- 
ried out i}i scrialum. By such a system, however, a very thorough boil- 
ing-out cannot be given as the goods cannot be left in the liquor but 
for a comjiaratively short time and the boiling cannot be conducted 
under pressure. Some comi)ensalion, however, is had for these limita- 
tions in that the cloth or warps are in the open form and are very 
intimately in contact with the li(}Uor, and also stronger solutions may 
be used. 

Another form of continuous kier is that of Bigamonti and Tagliani 
(sec Ingure 251). The cloth j)asses down a high column of liquor into 
the kicr where guide rollers and appliances are so arranged that there 
is considerable accumulation of cloth in the kier; the cloth then leaves 
the kier through the same column of liquor bv which it entered. This 
kier is used in connection with a complete bleaching system for the 
continuous handling of the goods from start to hnish. A kier also con- 
nected with a complete system of continuous bleaching is that of Mun- 
tadas y Kovira. and its method of operation is based somewhat on the 
same ideas of the preceding apparatus (see Figure 237), although the 
goods are run through a consecutive series of chambers in the form of 
a long range of closed vats having a series of w^ater seals at the two 
ends so that considerable ])ressure may be obtained in the intervening 
vats where the boiling-out actually takes place. 



Chapter XVI. 

The Bleaching of Cotton. 

I. General Theory of Cotton Bleaching. 

The bleaching of cotton involves two general steps in procedure; 
first, a removal of the fatly and waxy matter.^ on the liber, and second, 
a destruction or removal of the coloring matter, 'i'he order ot these 
steps may not be reversed, for if the waxy matters are nut first re- 
moved these will protect the coloring matter from the proper aclion ot 
the bleaching agents. The bleaching of cotton involves the use ot 
boiling alkaline solutions, sours or acid solutions, solutions of hypo- 
chlorites, and copious washing with jilenty of water for the removal 
of all chemical residues. The nature of the boiling-out operation with 
alkalies has been very thoroughly investigated and has been discussed 
at length in th.e preceding pages. The decolorization, or bleaching 
profier, although an individual process by itself, is nevertheless de- 
j)endent for its success on a careful preparation of the colton by the 
previous boiling-out. Where this is imperfect or impro])erly conducted 
the action of the bleaching agents will be more or less nullified. 

There are, however, certain cases of bleaching where the boiling-out 
process is omitted entirely and the material is bleached altogether by 
the action of hypochlorites or other bleaching agents; this may be done 
for the ptirjjosc of avoiding the loss in weight due to boiling-out or to 
economize the time of bleaching. 

There is still considerable doubt as to the nature and identity of 
the coloring matter existing in the cotton fiber. It is probably a com- 
plex substance made up of several individual chemical compounds. 
It is, however, rather easily and completely decolorized or destroyed by 
the action of strong oxidizing compounds, and particularly by solutions 
of hypochlorites. It is fortunate in this connection that the bleaching 
may be effected with solutions of such dilution that the cellulose of the 
fiber is not attacked to any appreciable extent, provided the process is 
conducted with care and skill. While other oxidizing agents may also 
be employed rather effectively for the bleaching of cotton, nevertheless, 
the use of hypochlorite is favored by reason of its cheapness, effi- 
ciency, and lack of injury to the fiber. 

The use of sours (dilute acid solutions) in the bleaching of cotton 
is always for the purpose of removing objectionable residues of chemi- 
cals by neutralization or through the formation of inert compounds 
that are easily removed. Sours function in two ways in cotton bleach- 
ing; first, in cleaning the fiber from lime compounds after a boil-out 
with caustic lime; and second, for the decomposition and removal of 
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chlorine compounds after the treatment or ^'chemicking” with bleaching 
powder or other forms of hypochlorite. For a sour it is only per- 
missible to use a very dilute acid (sulfuric or hydrochloric) solution, 
the temperature of which also must not be too high (not over 80 to 
100° F.). If the sour is not employed with caution there will be great 
danger of serious injury to the goods, as cotton is very easily affected 
by the action of acids. 

Washing is a very important process in cotton bleaching, and it 
should never be neglected in any part of the process, if satisfactory 
and uniform results are to be looked for. Plenty of water must be used 
in all washing operations, and good clean water at that. Many defects 
in bleaching may be eventually traced back to the use of poor water. 
The whole idea in bleaching cotton is really to produce a practically 
chemically pure cellulose from the raw impure liber, and this cannot be 
realized if the water employed in bleaching is not itself as pure as pos- 
sible, for the cotton is quite absorbent (especially after passing through 
the chemical oi)crations of bleaching) and will take up from the water 
in wliich it is steeped many of the impurities dissolved therein. 

Since the bleaching of cotton (and of the vegetable fibers in gen- 
eral) is the result of a comparatively strong oxidizing action, it is an 
interesting question as to wliethcr the bleaching only deals with the 
oxidation of the actual coloring matter, or if it extends to an oxidation 
of the entire substance of the fiber. Cross and Pevan ^ are of the 
opinioTi that the latter is the case and claim experimental proof of the 
fact. As the oxidation of the fiber substance is a variable factor de- 
pending on the rapidity of the reaction and the activity of the oxygen- 
in the bleach. eg medium, there may be a considerable variation in the 
actual consumption of oxygen in the bleaching process. As cellulose is 
a molecule (or aggregation of molecules) containing aldehydic (CH.O) 
functions, its oxidation may result in a condensation involving either a 
hydrolysis or an elimination of water, according to the condition under 
which the oxidation takes place. Rapidity of oxidation seems to favor 
a minimum consumption of bleaching oxygen, and the rapidity of the 
reaction is determined by the presence of highly active oxygen. When 
compared with solutions of bleaching powder. Cross and Bevan are 
of the opinion that electrolytic bleaching liquors present the best condi- 
tions for the smallest consumption of oxygen, as in such liquors the 
oxygen exists in a very active condition. 

The bleaching agents employed for cotton and the vegetable fibers 
in general arc all oxidizing agents. Reducing agents do not appear to 
have very much effect on the natural coloring matters of cotton and 
consequently arc not applicable to this character of bleaching. A good 
many years ago Koechlin and Saget proposed the use of calcium 
bisulfite (which is a reducing agent) for the bleaching of cotton; but 
the results obtained were evidently not of sufficient value to give it any 
standing in practice. According to this process, cotton cloth, for ex- 
ample, WMS impregnated with a solution consisting of i liter of water, 
100 gms. of lime, and 500 gms. of sodium bisulfite (40° Be.), then 

’ Jour. Soc. Chem. Ind., 1887, p. 17a. 
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steamed for i to 2 hours under i to 2 atmos. pressure or boiled for 
several hours, and finally washed, soured and washed a^ain. 

Of the oxidizing agents employed as bleaching materials for cotton 
the most important arc the compounds of hypochlorotis acid (calcium 
hypochlorite and sodium hypochlorite) ; next in importance are hy- 
drogen peroxide and sodium peroxide, or other peroxide salts which 
yield hydrogen peroxide when brought into solution ; and finally potas- 
sium or sodium permanganate. Other compounds capable of liberating 
“active” oxygen arc not of any practical importance in the bleaching of 
cotton, cither because the price of the chemicals is too high or because 
their use is dangerous to the strength or quality of the fiber. For 
instance, it has been suggested to use nitric acid or aqua regia (a mix- 
ture of nitric and hydrochloric acids), as in the French patent of 
Delescluse; also nitrous acid, as in Tabary ’s process. “ These chemicals 



Fig. 149. — Crindinf^ Machine for Chloride of Lime. 


without doubt exhibit strong bleaching properties with respect to the 
coloring matters of cotton, but at the same time their use is so danger- 
ous to the fiber that the processes employing them are of no practical 
value. Rather unusual bleaching methods have also been suggested, 
as, for instance, the “patented” process of Jardin for the use of nitrous 
acid, the latter being made by the action of molasses on nitric acid. 
Also the method of Bonneville, ^ where nitric acid vapor is allowed to 
act on cotton cloth impregnated with sugar. These processes arc not 
only absurdly dangerous to the fabrics but are also dangerous to the 
workmen, owing to the very poisonous quality of the vapors of nitrous 
acid. 

2. Chlorine Bleach Liquors. 

While the bleaching of cotton is very generally spoken of as “chlor- 
ing” the expression is not quite a proper one, as the bleaching action is 
not that of chlorine itself but of solutions of salts of hypochlorous 

* Ger, Pat. 101,285. 

• Ger. Pat, i 6 ,o 36 . 
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acid. The fact, however, that in the use of these hypochlorite solutions 
(cither of bleaching powder or sodium hypochlorite) the odor and 
irritating effects of chlorine vapors are quite noticeable, has caused the 
workmen in the blcacli-house to refer to the operation as “cliloring.” 
The rather prevalent use at the present time of chlorine itself in the 
liquefied form for the preparation of the hypocbloritc liquors, perhaps, 
gives this term now a more truthful meaning than could be ascribed 
to it formerly. The most apparent odor from bleach liquors is really 
that of hypochlorous acid and not that of chlorine itself. 'J'his is par- 
ticularly noticed when the cotton goods are impregnated with the bleach 
liquor and then folded down in trucks or bins to oxidize; also when 
the goods are run into a “sour” or acid bath after treatment with bleach 
li((uors. Chlorine is at times noticeable in the bleach bouse when 
chloride of lime is used and the powder is exposed to the air, or when 
jiarticles of the undissolvcd chloride of lime come in contact with acid. 

The action of chlorine bleach liquors is based on their content of 
“active” chlorine, which is to say, on the amount of hypochlorous acid 
(or its salts) which is present; since it is from the hypochlorous acid 
that the oxygen is derived and effects the oxidation and decomposition 
of the coloring matter. During bleaching the fiber is not chlorinated 
at all, or at most to a very slight degree. This chlorination only takes 
place with the impurities in the cellulose, such as albumin and lignin. 

3. Efficiency of Bleach Liquors. 

Though the total bleaching possibility of a hypochlorite solution 
depends, of course, on the total amount of “active” chlorine present, 
nevertheless, tb< energy or strength of the bleaching api)cars to depend 
on the ease or lapidity with which free hypochlorous acid is liberated. 
A solution of chloride of lime, for example, contains a hypochlorite 
salt which is rather stable and does not lend to ])roducc free hypo- 
chlorous acid very rapidly; whereas a sodium hypochlorite solution 
prepared from chlorine gas and soda ash lends to free the hypochlor- 
ous acid more ra()idly and consequently its bleaching energy or bleach- 
ing “efficiency” is considerably greater for an equal content of active 
chlorine. The same thing is true of hypochlorite solutions prepared 
electrolytically. Foerster and Jorre state that the rapidity of (lecompo- 
sition in the case of hypochlorite solutions having the same concentra- 
tion is proportional to the scjuare of the amount of free hyj)ochlorous 
acid present in the solution, and with the same acid content is proi)or- 
tional to the hypochlorite concentration. Tt must be remembered that 
the bleaching oxygen originates from the free hypochlorous acid and 
not from its salts (sodium hypochlorite or calcium hypochlorite). 
From this point of view Kind is of the opinion that there may be 
some structural difference between the salts and the free hypochlorous 
acid, sup])osing that in the case of the salt the formula is Na — O — Cl, 
whereas in the case of the free acid the formula is II — Cl ~ (3, in 
tlic latter case giving the chlorine a valence of three. This is said to 
be further supported by the fact that free hypochlorous acid, similar 
to carbonic acid, when in aqueous solution is present chiefly as the 
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anhydride, and this as is well known has an especially vigorous oxidiz- 
ing action. This reaction inVolving the consideration of the free 
hypochloroiis acid a$ a measure of the bleaching energy or bleaching 
efficiency of the liquor, is of the utmost importance in the discussion of 
the bleaching process.'^ 

Free hypochloroiis acid may occur in bleach liquors through several 
causes: (a) by dissociation or hydrolysis of the hypochlorite salt, (b) 
by decomposition through the action of a stronger acid, or (c) it may 
be spontaneously present as in an electrolytic hypochlorite liquor. 
The hydrolytic action is vei*y small; a normal “neutral” sodium 
hypochlorite solution containing 52.5 grams of sodium hypochlorite 
per liter, as a result of hydrolysis alone contains only 3.5 x lO "* mole- 
cules, or 0.0018 percent of hypochloroiis acid. The hydrolysis, how- 
ever, rises rapidly with the temperature.''^ This accounts for the fact 
that a bleaching liquor having an excess of caustic soda present shows a 
much lower bleaching efficiency than a solution which is more nearly 
neutral. 

The loss in hypochlorite strength of a bleach liquor depends, in the 
first place, on the relative amount of free hypochloroiis acid originally 
present. The following table by Foerster and Abel shows the time 
required for a 10 percent loss in strength : 


Percent of free 

Time in minutes required for 

hvjiochlorous acid 

loss of 10 percent in stren.t'th 

O.ll 

2 ()I.O 

0 203 

34T> 

0.65 

6.8 

1.02 

2.8 

1-37 

1.0 


If the solution be made neutral by the addition of caustic soda solution 
the free hypochloroiis acid content decreases about 30 times, and con- 
sequently the stability of the solution increases about 900 times. 

4. Control of Bleaching Velocity. 

It is possible by the addition of soda ash or caustic soda to control 
the spontaneous decomposition and bleaching effect of the chcmic solu- 
tion. According to Nus.sbaum and Ebert, it is possible by this means 
to almost completely neutralize the free hypochloroiis acid. Kind and 

* In former times ble.ichers were accustomed to render their ehemic solutions more active 
by slight additions of ‘'Uliuric or hydrochloric acid. It may i caddy be unili.rstood that the 
free hypochlorous at id possesses a greater bleaching power if there is added a larger quantity 
of acid tlian is lueessary for the neutralization of the free alkali present. Since, however, 
the alkalinity vanes it docs not always follow that an etiual addition of .acid corresponds 
to an equal rise in the bleaching efficiency. It is also easy to make the bath too acid and 
thus increase its bleaching energy to such a point that there is danger of injuring the 
fiber. On strongly acidifjing the solution free chlorine is also developed: 

HOCl + HCl = HoO + OL 

As the addition of mineral acids, as a lult. causes bad results in bleaching it has become 
cu.stomary to use the milder organic .acids such as acetic or formic acid, or even carbonic acid. 

Lunge (Gcr. Pat. 31,741 of 1884) recommends the use of acetic acid as an addition to 
the bleaching bath. The hydrochloiic acid n suiting from the decomposition of the hypo- 
chlorous acid during bleaching is thus neutralized by the calcium acetate (formed by the 
interaction of the acetic acid and the lime) and free .acetic acid is liberated once more. In 
this manner the bad effects due to the presence of the hydrochloric acid are avoided. It 
does not appear, howeve^ that this process has been generally adopted by bleachers, and 
it is probable that the effects due to the hydrochloric acid have either been overestimated 
or not properly understood. 

•Abel, Theorie der Hypochlorite. 
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Weindel, however, in comparin^T^ the effect of soda ash and caustic soda 
in this respect find that the latter is much better for the purpose of 
regulatinij^ the stability of the solution. With regard to the use of 
sodium bicarbonate as an addition to bleach liquors of sodium hypo- 
chlorite it has been shown by Nussbaum and Ebert that such addition 
is valueless for stabilizing. The addition of the bicarbonate, however, 



Fig. 150. — Mill for Preparing Clicmic Solutions. 


would have the effect of combining with any free chlorine that might be 
present in the solution, and in some cases this action may be of benefit 
as the presence of free chlorine is not desirable owing to its detrimental 
effect on the fiber. The reaction in this case is as follows: 

CI2 + NaHC03 + H ,0 = HOCI + NaCl + H.CO3. 

In the presence of relatively large amounts of alkaline earth salts 
(lime or magnesium) in the hypochlorite solution the addition of so- 
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diuni bicarbonate sets free some bypocbloroiis acid and precipitates 
calcium carbonate : 

Ca(OCI), + NaHC03 =r CaC03 + NaOCI + HOCl. 

Tlie bleaching velocity of solutions containing the same amounts of 
active chlorine is dependent on the starting reaction that regulates the 
liberation of free bypochlowus acid. Kind and Weindel have made 
quite elaborate experiments on this question, and as it is difficult to 
accurately test the progress of the bleaching on white cloth they used 
standard samples of indigo-dyed yarn. lamge and J.andolt also did 
somewhat similar work on the bleaching energy of hypochlorite solti- 



]"i(, 151. — A;)i)ar.itiis for Dissolviii}^ IJlcacliiiig Powtlcr. 


lions by using cloth dyed with d'lirkev -1 ed. Jlleach liquors containing 
varying amounts of caustic soda or hydrochloric acid were used. In 
the bleaching of the indigo samples the results jjrohahly do not exactly 
show a definite relation to that of bleaching undyed cotton, since the 
indigo is very rapidly destroyed in an acid hath of hypochlorite. Kind 
and Weindel also made tests for bleaching velocity, using undyed cotton 
yarn and observing the time required to obtain the same degree of 
whiteness. The results have only a comparative value without any 
great degree of accuracy on account of the fact that it is very difficult 
to obtain a sharp “end point” for the bleaching, and furthermore since 
the appearance of the white color on the sample suflFers a change on 
washing and drying, this being especially true when acid bleach liquors 
are used. The following table gives a record of the tests : 
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Bleaching Tests of Egyfhan Yarn Using 6oo c.c. Liquor at i8® C. 


(1) Without addition 

(2) With 0.3 gm. caustic soda . . 

(3) With 0.06 gm. caustic soda . . 

(4) With 0.03 gm. caustic soda ... 

(5) With 0.006 gm. caustic soda 

(6) With 0.003 gm. caustic soda... 

(7) With 0.5 gm. hydrochloric acifl (jo'/f ) 

(8) With 2.5 gm. hydrochloric acid (20%)... 


Hr. Min. 

I 

4 45 

I 27 

I 22 

I 6 

I 4 

53 

o 44 


5, Effect of Carbonic Acid. 

One of the most important reactions innuencing the velocity and 
progress of the action of cliloride of lime solutions in bleaching is that 
of carbonic acid of the air. 'I'lie following formulas show the progress 
of this reaction: 


Ca(OCI).. + ITCO, = CaCO, + 2 HOCl and 
NaOCl + HXO, - NallCO, -1- HOG. 


That is to say the carbonic acid of the air sets free hypochlorous aciil, 
and in the case of bleaching powder forms carbonate of lime, while 
in the case of sodium hypochlorite (according to investigations of 
Siemens and hfakke), bicarbonate of soda is formed. The free hypo- 
chlorous acid spilts off the active bleaching oxygen, forming, at the 
same time some hydrochloric acid, which either reacts with a further 
quantity of h . poclilorite or decomposes the carbonate or bicarbonate 
to form free taibonic acid, which again takes part in the reaction as 
before. The reaction between carbonic acid and sodium hypochlorite is 
never comjilete, in that it is always a reversible reaction, depending on 
the relative amounts of the two substances present for its exact equilib- 
rium. 

As the action of bleaching agents on the organic impurities in the 
cotton liber is an oxidizing one, the chief resulting product is probably 
carbonic acid, and this latter, no doubt, also enters into the reaction 
in its effect on the bleach liquor and so influences somewhat the velocity 
of the bleaching. As the bleaching progresses the relative proportion 
of carbonic acid entering into the process without doubt increases, with 
the result that the alkalinity of the solution suffers a reacljustment 
with a consequent change in the hypochlorous acid concentration, and 
this of course increases the velocity of the bleaching reaction. This no 
doubt accounts for the fact that in practice an old bleach liquor, though 
naturally somewhat weaker than a freshly prepared one, gives a quicker 
bleaching than a fresh liquor, provided, of course, that the liquor still 
contains a sufficient amount of active chlorine. To substantiate this 
point of view Kind has made some tests using a bath of 60 liters of 
chloride of lime and 5 kilos, of Egyptian yarn, testing progressively the 
active chlorine content and the acidity of the bath in terms of hypo- 
chlorous acid in grams per liter: 
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(I) 

Concentration at start ... . 

Active chlorine 
Gms. per liter. 
277 

Acidity liqCl 
Gms. per liter. 
— 0.341 (alk.) 


after 10 minutes 


— 0.273 “ 


after 20 minutes 

2.13 

- 0.220 “ 


after 30 minutes 

. . . I.Q9 

— 0.16S “ 


after 40 minutes . 

1.86 

0.147 “ 


After using 3 times 

. 1.69 

— 0063 “ 


after 10 minutes ... 

. . . 128 

— o.oi8 “ 


after 20 minutes . 

1.06 

o.oos “ 


after 30 minutes . . . 

002 

-I 0.042 (acid) 

-!- O.TIO 


after 40 minutes . 

. . . . 085 


In the second set. allliongh a weaker clilorinc solution was employed, 
the bleached white obtained after 20 minutes was considerably better 
than the corresj)ondiiig test in the first set. 



Fic. 15J.- -bank (»f Clicmic Solution Tanks. 


In jtractical bleaching it is doubtful if the usual operator in the 
mill has any clear conception of the imf)ortance of the effect of the 
carbon dioxide on the progress and rapidity of the bleaching process, 
or if he takes it sufficiently into account in the regulation of his meth- 
ods. If the cotton goods after being saturated with chemic liquor arc 
exposed for some time to the air, or as in the case of skein yarn or 
warps, the materials are worked in the liquor so as to come into contact 
with the air, this effect of the carbonic acid will be very apparent. As 
the air, however, contains only a minute quantity of carbon dioxide, 
processes for increasing the bleaching effect have been devised in 
which the chemicked goods are treated directly with carbon dioxide 
gas. Thompson and Rickman describe a process of this order for the 
bleaching of cloth, Lagachc ^ also describes a process for increasing 

*Gcr. Pats. 26830 and 30,830 
^Deutsche Farher-Zeit., 1902, p. 313. 
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the bleaching effect and regulating the process by introducing carbonic 
acid gas directly into the fresh bleaching powder solution, this idea 
being based on his observation that the use of old bleach liquors re- 
sulted in an economy of chlorine consumption, and that the baths be- 
come more and more acid in reaction. These methods, however, have 
never been adopted commercially, as it is questionable if the bleaching 
takes place with sufficient regularity. On the other hand the activating 
carbon dioxide does play a role where old bleach liquors are continually 
used with suitable additions of fresh stock chemic solution. This ad- 
vantageous use of old baths is especially recognized in linen bleaching, 
where it is generally considered necessary first to “work” the bath with 
some old material before the chemic gets into proper condition for use. 
Since the bleaching energy of old baths, however, is not at all a con- 
stant one and as successive use of the bath brings into the liquor a 
gradually increasing amount of impurities, the too long-continued use 
of old bleach baths becomes of questionable value. It is doubtful if 
any bleach bath should be run for a longer period than one week. 

6. Effect of Salts on Bleach Liquors. 

Ill old chloride of lime solutions and in sodium hypochlorite liquors 
large amounts of neutral salts are present, and this is also especially 
true of electrolytic h\pochlorite solutions which contain a high propor- 
tion of common salt. It is interesting, therefore, to investigate the 
effect of these salts on the bleaching activity of the solutions. Where a 
large amount of neutral sails are present the solution must possess a 
lowered degree of diffusibilily, and consequently must take a longer 
time to penetr; m and bleach the fiber. Experiments have shown, how- 
ever, that the addition of salt increases the velocity of decomposition 
of the hypochlorite; therefore, the effect of decreased diffusibility is 
offset and it is probable that the presence of neutral salts such as com- 
mon salt and calcium chloride has but little ])ractical effect on the 
bleaching process. Idle presence of substances capable of acting in a 
catalytic manner, however, is of more importance. It is well known, 
for instance, that very small quantities of cobalt compounds have an 
energetic decomposing action on hypochlorite salts; so much so,^ in 
fact, that these catalyzers are used in the laboratory in a practical 
manner for the preparation of oxygen gas by warming wdth hypochlor- 
ite solutions. Abel has shown that in the pre[)aration of electrolytic 
hypochlorite liquor the presence of even small amounts of catalytic 
impurities (such as the oxides or salts of metals like nickel, cobalt, iron 
or copper) causes the rajud decomposition of the solution. Many of 
the rather obscure irregularities noticed in bleacheries arc often due 
no doubt to the reactions taking place through the innueiice of catalytic 
agents. White ® has found that tender spots developed in the bleaching 
of linen cloth Avere caused by the presence of small specks of iron oxide 
( rust). At such points the hypochlorite is acted on with great vigor so 
that excessive oxidation takes place and weakness is developed through 
the formation of oxycellulosc. He found that the presence of salts of 

* Jour, Soc, Chem. Ind., 1903, p, 133. 
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(I) 

Concentration at start ... . 

Active chlorine 
Gms. per liter. 
277 

Acidity liqCl 
Gms. per liter. 
— 0.341 (alk.) 


after 10 minutes 


— 0.273 “ 


after 20 minutes 

2.13 

- 0.220 “ 


after 30 minutes 

. . . I.Q9 

— 0.16S “ 


after 40 minutes . 

1.86 

0.147 “ 


After using 3 times 

. 1.69 

— 0063 “ 


after 10 minutes ... 

. . . 128 

— o.oi8 “ 


after 20 minutes . 

1.06 

o.oos “ 


after 30 minutes . . . 

002 

-I 0.042 (acid) 

-!- O.TIO 


after 40 minutes . 

. . . . 085 


In the second set. allliongh a weaker clilorinc solution was employed, 
the bleached white obtained after 20 minutes was considerably better 
than the corresj)ondiiig test in the first set. 



Fic. 15J.- -bank (»f Clicmic Solution Tanks. 


In jtractical bleaching it is doubtful if the usual operator in the 
mill has any clear conception of the imf)ortance of the effect of the 
carbon dioxide on the progress and rapidity of the bleaching process, 
or if he takes it sufficiently into account in the regulation of his meth- 
ods. If the cotton goods after being saturated with chemic liquor arc 
exposed for some time to the air, or as in the case of skein yarn or 
warps, the materials are worked in the liquor so as to come into contact 
with the air, this effect of the carbonic acid will be very apparent. As 
the air, however, contains only a minute quantity of carbon dioxide, 
processes for increasing the bleaching effect have been devised in 
which the chemicked goods are treated directly with carbon dioxide 
gas. Thompson and Rickman describe a process of this order for the 
bleaching of cloth, Lagachc ^ also describes a process for increasing 

*Gcr. Pats. 26830 and 30,830 
^Deutsche Farher-Zeit., 1902, p. 313. 
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known by the name of “J^velle water.” The next advance in the mat- 
ter of chlorine bleaching was the discovery in 1798 by Tennant, an 
English chemist, that chlorine would readily combine with slaked lime 
to form a good bleaching compound and one which was much cheaper 
than that of Javel d'ennant prepared his compound by passing chlor- 



15.^ — -Sketch of Apparatus foi Prcpariiis; Solution of Itlcacliing Powder. 


inc gas into milk of lime and thus obtained a solution of hypochlorite 
of lime. Later I.abarra([uc in 1820 produced sodium hyjiochloritc 
solution which corresponded to but was cheaper than the Jevelle water. 
Imj)rovements were constantly made in the methods of bleaching with 
chlorine, and in 1830 Tennant put on the market dry, solid chloride of 
lime or bleaching powder, and ever since this has been the principal 
chlorine bleaching agent. 
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A fresh solution of bleaching powder gives the same odor as the 
powder itself. The solution has an alkaline reaction, and when concen- 
trated has a greenish yellow color, hut dilute solutions are colorless. 
( )ccasionally the solution may exhibit a slight reddish color due to 
traces of manganese or iron compounds. When exposed to the air 
the solution rapidly absorbs carbonic acid, liberating hypochlorous 
acid and forming calcium carbonate which causes the solution to be- 
come cloudy. 

2(\a( )Cl -f COo + 11,0 oTTOCl -f CaCO, + CaCL 

If the liquor is left quiet a thin scum of calcium carbonate will form on 
the surface, and this will protect the rest of the solution from further 
action by the air. 

When treated with dilute mineral acids, bleaching powaler, or its 
solution, liberates chlf)rinc gas and forms the corres])oiuling lime salt. 
'Fhc reactions are as follows : with hydrochloric acid 

CaOCU + 2lICl = CixCl -t- Ck -f ILO 
wdth sulfuric acid 

CaOCk + ILSO, = CaSO, + Ck ILO 

The author has found that the most economical method of prepar- 
ing solutions of bleaching powder is to employ a system of agitation 
actuated by a pump. Such an ai)paratus is shown in Figure 153. 
The tank is first tilled with water, the centrifugal pump is started and 
then the chloride of lime powder is thrown in. The circulation of the 
chloride of lime through the pump breaks the lumps into fine powder 
and serves to very intimately mix the bleaching pow^der with the water. 
'File pumj) is run for about one-half hour, then the liipior is allowed to 
settle for 6 hours. 'Fhis method of agitation gives a very rapid solu- 
tion of the bleaching powder and exhausts the material more efficiently 
than the older methods of agitation where paddles were used. The 
tank is constructed of* cement, and is of sufficient caf)acity for a drum 
(800 lbs.) of bleaching ])ow'der. The solution obtained in this manner 
will stand at about 10 to 12° Tw. (depending on the volume of the 
tank)^^nch will be in the proporli(jn of about 1^2 gallons of water 
for eaPr pound of bleaching ])0waler. dlie volume allow^ed for sludge 
should be about 5 cubic feet for each luo pounds of bleaching powder. 
Under the conditions given above there will be only about 0.7 percent 
of undissoKcd available chlorine in the sludge. The outlet pipe for 
the clear bleach licpior should he arranged at a sufficient height as to 
allow for the pro])er volume of the sludge. If this is not the case 
the time of settling will he much ])rolonged. In 6 hours time the 
amount of settling is about qs ])ercent of what it would be in 16 hours. 

The following observations taken under actual mill conditions will 
illustrate this point : 

Time occupied Distance settled clear 

I hr. 36 min . 2 ft o in. 

1 “ 12 “ . . . . . . I “ o “ 

2 “ t6 “ . . . . o “ 6 “ 

II “ 0 “ 0 “ 3 “ 
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It is thus seen that in 5 hours 4 minutes the liquor settled clear 3 feet 
6 inches, while in the next ii hours it only settled a further 3 inches. 

Another important factor in the efficient and rapid preparation of 
bleaching powder solutions is the temperature of the water employed. 
When the water is cold (50° to 60° F.) the rate of settling is very 



loG, 155 — Squeezer for Cloth in Ktzpe horni. 


shjw; whereas when the temperature of the water is 75^’ to iSs'-' F., the 
rate of settling of the sludge is greatly increased. 1'his is shown by 
the following tests; 

Temp, of water, F.® • -50 85 

Indies settled, per hr.. . . . . ... -6 22 

Fegrecs Tw. of solution F? ^2 

Cu. ft. of sludge per 100 lbs. of cheniic. . .... • . • 5.4 2.2 

U is stated as a matter of practical observation that the water used 
for preparing a chloride of lime solution should he at a temperature of 
75 to 85° V. The agitation or mixing should be continued for 20 
minutes for all strength of liquors up to \ w., as further time of agi- 
tation is simply wasted and makes the settling slower. The space al- 
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lowed in the tanks for the sludge should be 5 cubic feet for each loo 
pounds of bleaching powder, and unless sufficient space is allowed for 
the settling of the sludge a great deal of time is wasted. In washing 
the sludge the agitation should only be carried out for 5 minutes.^* 

The sludge does not consist of bleaching powder, but of insoluble 
hydrate of lime suspended in the solution of bleaching liquor. Under 
the conditions of settling as given in the above method of preparing 
the solution, about 90 to 95 percent of the volume of the sludge will 
be liquor. From this it may be seen that after all the clear solution of 
chemic has been run ofT there is still quite a large amount present in 
the sludge. This, however, is present simply as the dissolved chemic, 
and not as insoluble matter in the sludge. To extract this residual 
amount, the tank should be filled up with fresh water and the pump cir- 
culated for about 5 minutes. The li(|uor is then allowed to settle again. 
In this manner about 98 j)ercenl of the available cbloriiic in the bleach- 
ing powder may be extracted and utilized. 

The composition of the sludge obtained in the ])rcparation of bleach 
liquors is of v.onsiderable interest and yet it has received but little study 
from the bleacher. According to the specifications contained in Gcr. 
Pat. 195, 8g6 ( for the preparation of solid calcium hypochlorite of 
high stren.^th) calcium hypochlorite forms basic compounds with cal- 
cium hydroxide of the formulas Ca(OCb)o.2 Ca(OII)2 and 
ra(OCl2)2*4 ^afOII),. These compounds crystallize readily and are 
characterized by being difficultly soluble. Since these compounds no 
doubt exist in all commercial bleaching powder to some extent, it is 
natural to expect that they will be i)rescnt in the sludge and will re- 
tain a certain amount of available chlorine. According to Lunge and 
Schappli ordinary bleaching powder sludge (dry) has the follow- 
ing composition : 

I’crecMit 

Calcium hydrate, Ca(()l()j .... . ... 

Calcium carbonate. CaCt )t .... . . 2781 

Calcium h\ pochlontc, Ca(()Cl).. .... 5.r>S 

Alumina and iron oxide . . , . .... . . t.oo 

Water . . . S.42 

ddiere will generally result about 40 percent of sludge on the weight 
of the bleaching powder used. 

Griffin (Jour. Soc Chrm. Jnd , 1904. p 174) makes the following remarks toncein- 
ing the preparation of hleaelnng po\\<U*r solutions A bleaching powder of 38 to 39 pern nt 
of available chlorine will settle mvu h butir than one of lower chlorine strength. The 
quality of the w-atcr has an important infliKiKe on the results, as it affects the relative 
specific gravities of the solution and the insoluble matter A small amount of carbon dioxide 
in the water will cause a mmh more rapid settling Griffin finds tliat a bleach liquor of 
(° to 7° Tw. is the most (onvenient to make, and this together with the first washing 

from the sludge will give a solution of about 4.2“ Tw. Such a liquor is suitable for 

most purposes and requires a capacity of about i cu ft for 3 75 lbs. of good powder. Griffin 
recommends the following install ition for pniiaring the solution; Two round or square 
concrete tanks with agitators and adjustable syjihons leading to a storage tank having a capacity 
equal to the sum of the first two In one tank a mixture of 6® to 7° Tw, is made up and 

allowed to settle; the other tank contains the slmlgc from a former extraction, and this is 

filled up with fresh water, agitated and allowed to settle. The two liquors are then drawn 
off in equal volumes giving in the storage tank a liquor of about 4“ Tw. The sludge from 

the second liquor is again agitab d with water and settled and this weak liquor is used to 

wash the strong sludge from the fresh cxtr.action. After the •second washing the sludge 

13 discharged and the tank is ready for a fresh charge of powder. 

Chemische Industrie, 1881, 
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I'H.. 156.- T'ri'iu'Ii nf LUt’.ich House S(iucc/er. 

10. Chemical Reactions of Chloride of Lime. 

The chemical behavior of chloride of lime with lefereiice to its 
blcachinf,^ qualities is rather complicated, as it docs not act directly on 
the coloring- matter. It is generally supposed that the l)lcaching action 
of chloride of lime is due to the chlorine it is ca])able of liberating; 
but even so, the chlorine itself does not act directly as a bleaching agent* 
Lry chlorine gas does not produce any bleaching effect, and investi- 
gation has shown that the presence of moisture is necessary to cause 
the chlorine to destroy coloring matters. From this it has been sup- 
posed that the chlorine first acts on the water at hand, forming hydro- 
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chloric acid and libcratine^ oxyj^cn ; and that the latter, at the moment 
of its liberation from its comt)ination in water, is especially active 
chemically, and in this manner destroys the orj^^anic coloring matter 
which may he in contact with it. 'hhis action may be represented by the 
followin^^ equation; 

CL + ir/)r:r2TTCl + 0 

Chloride of lime is obtained by allowing chlorine gas to act on 
slaked lime, ddie exact chemical nature of the compound has been a 
matter of considerable dispute, hut it is now generally supposed that 
chloride of lime is an oxychloride of calcium, and its formation may be 
represented as follows : 

OCl 

/ 

CaO + CL = Ca 

\ 

Cl 

This is perlvCtly in keeping with the formula CaOCk, which analysis 
shows to be the correct one for chloride of lime, and it also accounts 
for the chemical behavior of the compound. When chloride of lime 
is dissolved in ^\atcr, it is decomposeal into calcium chloride (CaCla) 
and calcium Inpochlorite (Ca(OCl)2) both of which are soluble: 

2 CaOCh rr: CaCk + Ca(OCl)2. 

The calcium chloride does not ])lay any part in the bleaching proc- 
ess, hut the calcium hypochlorite acts in the following manner: In 
the first place, as it is not a very stable compound it partially de- 
composes, in contact especially with organic matter, into calcium 
chloride and free ox}gen, as follows: 

Ca(0Cl)3 = CaCk + 20 

In the second place, in the presence of acids, even such weak acids as 
the carbon dioxide in the air, calcium hy[)Ochlurite is decomposed 
into the corresponding salt of calcium and free hypochlorous acid : 
Ca(OCl)2 + CO. + Il/d = CaCO^ + 2TKIO 

The h\ jiochloroiK acid so formed is readily dcconqiosed into hydro- 
chloric acid and oxygen: 

TtCK)=::^ITCl +0 

h may also decompose, esj)ccially in the ju'csence of heat or stronger 
acid, into water and free chlorine oxide: 

2 HCIO ILO + Cl ,0 

Carbon dioxide, or other acid, acting on dry chloride of lime liberates 
free chlorine, as follows : 

CaOCl^ + CO^ =r CaCO, + Ck 

According to Jakocokin chlorine in dilute solution is for the 
most part hydrolyzed, as follows : 

CI2 + H/). = UCl -klJO.Cl 

Zeit, f. Pliysik. Cheni., 1899. 
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The hypochlorous acid thus formed is the active bleaching agent. 
There is apparently very little direct chlorination of the fiber in ordi- 
nary bleaching operations. 

Lunge has claimed that the action of solutions of chloride of lime 
may be enhanced by the addition of acetic or formic acid, whereby free 
hypochlorous acid and calcium acetate are at hr-t formed: 

Ca(OCl )2 + 2 CH 3 COOH = 2 IICIO + Od{C,U,0,), 


The hypochlorous acid giving up oxygen is converted into hydro- 
chloric acid, which acting on the calcium acetate furnishes calcium 
chloride and free acetic acid again, and this latter reacting with 
a fresh quantity of chloride of lime carries the same series of re- 
actions through once more. It is claimed that in these reactions 
the hydrochloric acid is never liberated really in the free state, 
for as soon as it is formed, it reacts with the calcium present to give 
acetic acid, hence there is never present any hydrochloric acid capable 
of attacking the cotton; also as there are no insoluble calcium salts 
present the after treatment with an acid bath may be dispensed with. 

According to Ditz in the preparation of bleaching powder a com- 
pound is first formed consisting of calcium oxide in combination with 
the chlorinated product : 

OCl 

/ 

2 Ca(OH), + Cl„ = CaO.Ca .H,0 + H,0 

\ 

Cl 


as the reactio,' proceeds the temperature rises, and this intermediate 
compound reac • with water to give : 

OCl OCl 


/ 

CaO.Ca .H,0 + H.,0: 

\ 

Cl 


/ 

:Ca(OH),4-Ca .H,0 
\ 

Cl 


From tlic calcium hydrate tlius liberated a (rcsli quantity of the in- 
termediate product is formed, and at the increased temperature the re- 
action proceeds as follows ; 

OCl OCl 

/ / 

4 Ca(OH),-f- 3 C 4 = 2 Ca .II^O -f CaO.Ca .H,0-1-H,0 
\l ^ Cl 


These reactions proceed with absorption of chlorine until as a final 
product there is obtained ; 

OCl 

/ 

Ca .Hi,0 
\ 

Cl 


Farber-Zeitung, 1905. 
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It is not possible, however, to obtain all of the product in this form, 
as there always occurs a considerable amount of the intermediate 
product : 

OCl 

/ 

CaO.Ca .HoO 

\ 

Cl 

If the bleaching powder consisted altogether of the former compound, 
it would give no precipitate of lime when dissolved in water : 

OCl 

2 Ca^ .H.O -> ( a(OCl) . + CaCh 2 I 1 ..C) 

\ 

Cl 

d'he formation of the lime precipitate results from the action of water 
on the second compound as shown in one of the above reactions. As 
commercial bleaching powder always gi\es rather coj)ious preci[)itate 
(sludge) of lime when mixed with water it w^ould indicate, accoialing 
to Ditz, that the intermediate compound was present in considerable 
])roportion. 

Beyrich, in 1877,^” suggested the addition of oxalic acid to the 
bleaching hath of chloride of lime, and states that in thi^ way a much 
stronger bleaching effect can he obtained, that the fiber is not injured 
and that a previous boiling-out operation is not re(|uircd ; also by 
warming the chemic hath to 100'^ Ih the period recpiired for hleacli- 
ing is materially reduced wdthout injury to the goods. In this method, 
it may he said, that the oxalic acid on the one hand ])recipitatcs the 
lime (as oxalate of lime) and on the other hand sets free hypochlorous 
acid so that the bath would necessarily show- a much more rapid bleach- 
ing action, hut contrary to the claims of the inventor it is not ])0ssihle 
to obtain a satisfactory white without a previous hoiliiig-out of the 
goods in a kier. It does not seem that this process has been adopted 
at all in actual practice. 

With reference to the fpiestion of the formation of solid bleaching 
powder and bleaching solutions it is remarkable that in all reactions 
characteristic of the former, water plays apparently a very essential 
role. The best bleaching pow^ler according to Lunge and Schappli^® 
is obtained from lime containing 27.5 percent of water instead of the 
23.5 percent which would correspond to the formula of La(()H),. 
If the lime contains either more or less water, less chlorine wdll he 
absorbed. Commercial bleaching ])ow'der in fact contains j 6 to 17 
percent of water. 

A large amount of bleaching ])0wdcr is now prepared by electro- 
lytic methods ; that is to say, the chlorine used is obtained in the clec- 

Ger. Pat. 214S. 

Dingler's Folytechnische Journal, vol. 237, p. 63. 
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trolysis of sodium chloride, and tliis chlorine is passed over the slaked 
lime to form the bleaching ])owdcr. The other product of the elec- 
trolytic reaction is metallic sodium, and this is employed for the prepa- 
ration of cither caustic soda or sodium peroxide, both of which com- 
pounds are also extensively emf)loye(l in the bleaching of textile fibers. 
So it may be said that the electric current plays an important part 
at the present time in the art of bleaching. The bleaching powder ob- 
tained by the use of electrolytic chlorine has been difficult to prepare 
commercially, on account of the fact that the chlorine so obtained is 
rather dilute, being mixed with air and carbon dioxide, and it is only 
within recent years that successful methods for the commercial prepa- 
ration of such bleaching jiowder have been devised. It is said that the 
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chief difficulty experienct'd is due to the presence of carbon dioxide 
gas. d'hc mixed gases containing the chlorine sliould also be dry, and 
the slaked lime should not contain more than 5 percent of water above 
that recfuircd for water of hydration, or about jS percent on the weight 
of the lime. 

Idle question as to whether bleaching jiowder is a mixture of cal- 
cium hypochlorite and calcium chloride or a single molecular com- 
pound corres])onding to an oxychloride is really more a question of 
molecular aggregation than a distinctlv chemical difference. hhTsenius 
held that bleaching powder was an ordinary mixture of the two salts, 
for on treating bleaching powder with successive small quantities of 
water he found a much larger ratio of calcium chloride to calcium 
hypochlorite in the first extract than in the last : this fact being ex- 
plained by the greater solubility of the calcium chloride. 
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II. Action of Carbon Dioxide on Bleaching Powder. 

The action of carbonic acid on bleaching powder is a progressive 
one and requires but a small amount of carbonic acid for the gradual 
decomposition of a large amount of bleaching powder, as may be seen 
by the following equations : 

(a) CO2.H2O + 2 CaOCb= 2 HOCl -f CaCO, + CaCl, 

(b) 2 II 0 CI = 2 HCI + O 

(c) 2 HCl + CaCO, = CaCb + C 0 ,.H ,0 

(d) HCl + CaOCb == CaCh -j- HOCl 

The carbonic acid plays the part, as it were, of a catalyzer in starting 
the reaction of decomposition, which then is maintained by the libera- 
tion of the hydrochloric acid through the spontaneous decomposition 
of the hypochlorus acid at first formed.-^^ 

In the practical bleaching of cotton it has been noticed that be- 
tween the morning and evening of a day’s work a gradual diminution 
takes place in the amount of bleaching powder required for every 
pound of the same sort of material bleached. This is said to be due to 
a gradual acidification of the bath by carbonic acid. 

The fact that carbonic acid liberates all the chlorine from bleach- 
ing powder led Lunge to ascribe to it a formula somewhat different 
from that given to ordinary hypochlorite, although it is also admitted 
that when bleaching powder is dissolved in water the solution contains 
botli calcium hypochlorite and calcium chloride. The dry powder of 
chloride of lime, however, cannot be considered as such a mixture. In 
this case, since carbonic acid cannot decompose calcium chloride, the 
entire amount of the chlorine would not be available. Therefore, ac- 
cording to Lunge, the atom of chlorine directly united with the calcium 
in bleaching powder has different properties from those of the same 
element in calcium chloride. 

The liberation of the entire amount of chlorine in bleaching powder 
by carbonic acid may be better explained, however, by considering the 
reaction between chlorine and lime as being of the reversible type ; 
in which case it would be represented by the following formula: 
2 Ca(OH);^, 2 — >CaCl2 + Ca(OCl)2 + 2 H2O (or slaked lime 

+ chlorines — >calcium chloride calcium hypochlorite + water), 
thus representing bleaching powder in the same manner as it would be 
when in solution in water. This is more or less borne out by the fact 
that the peculiar odor of “bleach” resembles that of free hypochlorous 
acid rather than that due to the presence of free chlorine.^^ 

* Taylor and Higgins both describe the role played by carbonic acid in bleaching in 
another manner. The first assumes that the carbon dioxide reacting with chloride of lime and 
similar bodies, sets free only chlorine and no hypochlorous acid. In the ordinary process of 
bleaching, therefore, the free chlorine becomes the chief bleaching a^ent and not the 
hypochlorous acid, iTiggins explains the action of carbon dixodide on chloride of lime accord- 
ing to the following two equations: 

Ca(OCl), -f CO2 -}- HoO = CaCO, 2 HOCl. and 
2 HOCl + CaClj + CO_. - CaCOa + 2 Cl, + H2O, 

The reaction expressed in the second equation is reversible. In bleaching the chief effect is 
assumed by the hypochlorous acid, though some part is also taken by the nascent chlorine 
(see Chem, Zeit., igii, p. 464). In a later communication, however, Higgins states {Chem, 
Zeit., 1912, p, i8q) that the blc.aching cfTict Is due to nascent oxygen. 

** In an investigation on the action of carbon dioxide in the bleachin^r process, Higgins 
(Chem, Soe. Proc., 1911, p. 67) states that on adding calcium chloride to lime water the rate 
pi solution of carbon dioxide from the air in the liquor is increased, and this fact probably 
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The reversibility of this reaction will also explain why it is im- 
possible to prepare bleaching powder containing the theoretical amount 
of chlorine. On treating bleaching powder with carbonic acid gas, the 
chemical equilibrium is disturbed; calcium carbonate being formed and 



Fig. 158. — Chcmic and Scouring Box. 


hypochlorous acid set free. This latter reticts with the calcium chloride 
liberating chlorine, and since the latter cannot act upon the calcium car- 
bonate, the reaction goes on until the whole of the calcium in the 
bleach is converted into carbonate, and the whole of the chlorine is 
liberated. 

accounts for the observation that the addition of calcium chloride to a bleaching powder 
solution increases its bleaching efficiency. On exposing bleaching powder solution to the air, 
the free lime contained in the solution is deposited as calcium carbonate, and then the 
carbon dioxide of the air acts on the other calcium salts present in the solution. It is the 
latter action that causes the exposed bleaching powder solution to have a high bleaching 
efficiency. Common salt added to sodium hypochlorite solution also increases tne bleaching 
efficiency to some extent, and this is also true of other neutral salts of sodium. Also 
equivalent proportions of common salt and calcium chloride have approximately the same 
effect in increasing the activity of bleaching powder solutions. These effects are probably 
due to the Increased attraction of the carbon dioxide of the air by the neutral salt solution. 
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In connection with this action of carbonic acid on bleaching pow- 
der, it may be said that a solution of bleaching powder is only attacked 
by carbonic acid at a temperature of i6o° F. or over. Bleaching pow- 
der itself is decomposed at ifxD^ F. more quickly by moist carbonic acid 
than the dry gas, and if the bleaching powder be first dried by having 
its moisture absorbed over sulfuric acid, it is hardly attacked at all 
by the carbonic acid. 

The chlorine evolved when bleaching powder is decomposed by car- 
bonic acid always contains hypochlorous acid. When a current of 
moist air is passed over healed bleaching powder it produces calcium 
chlorate and oxygen, but no chlorine is evolved. But if a current of 
dry air is used at a temperature of 90° to 105° F. the same products 
are formed together with chlorine, and at 200° F. most of the avail- 
able chlorine is removed. 

Contrary to chloride of lime liquors, clccl roly tic bleach liquors by 
the action of the carbon dioxide of the air can never form free chlo- 
rine, since the bicarbonate which is produced in the reaction will ef- 
fectually prevent this condition; on this account bleaching with elec- 
trolytic liquors should be somewhat less dangerous to the fiber. 

12. Use of Acids in Bleach Liquors. 

Baeyer (in 1891) recommended the addition of boric acid to bleach 
liquors for the purpose of liberating hypochlorous acid, but such a 
process docs not seem to have ever been used in practice. Depierre 
suggested a modification of Lunge’s method by impregnating the fabric 
with the chemic, then spraying with dilute acetic acid and steaming. 
According to Lauber, such a process has been very successfully em- 
ployed in calico printing. Formic acid may be used in the same way. 
Another process based on the same idea is to first rinse the goods in a 
dilute acid bath before running them into the chemic. This method 
is indeed the simplest way to proceed if a quick bleaching operation 
is desired. Iladfield-Sumner describe an a])paratus whereby the 
goods are impregnated with chemic and then subjected to the action 
of acetic acid vapors. 

The use of acid in connection with bleach liquors is also to be found 
in the Thies-Iderzig special process of bleaching. If the addition of 
acid, however, is not very carefully regulated the velocity of bleach- 
ing will become too great and the bleach will be uneven or oxycellulose 
may be developed. 

The addition of acid to hypochlorite bleach liquors for the purpose 
of neutralizing the alkalinity is accompanied by certain dangers whicli 
may be avoided by using magnesium chloride in place of acid. In 
this case there is formed calcium (or sodium) chloride and difficultly 
soluble magnesium hydrate. An excess of magnesium chloride is with- 
out particular harm. The precipitated magnesium hydrate is allowed 
to settle and there is then obtained a bleaching liquor having rapid 
bleaching properties. Such a chemic has been used to quite an ex- 
cess in England. Hodges also prepares magnesium hypochlorite with 

**Ger. Pat. 107,093. 
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magnesium sulfate and a solution of chloride or lime. Calcium sulfate 
is precipitated and is allowed to settle, after which the clear liquor 
may be used directly for bleaching, or it may be “activated’’ by the ad- 
dition of a little soda ash. The latter in this case reacts with the ex- 
cess of magnesium sulfate present to form sodium sulfate, basic mag- 
nesium carbonate and free carbonic acid, the last increasing the ac- 
tivity of the solution. Such bleach liquors containing magnesium 
compounds have a greater activity if they are slightly alkaline in re- 
action ; however, a greater bleaching velocity is not a special charac- 
teristic of magnesium hypochlorite. The different salts of hypochlor- 
ous acid, however, show certain diflercnces in dissociation, and the 
lower bleaching activity of chloride of lime is more or less dependent 
on the alkalinity of the solution as a result of the content of calcium 
hydiatc present, llregeard recommends the addition of zinc sulfate 
to the chloride of lime solution for the purpose of increasing the bleaclr 
ing activity by decreasing the alkalinity. 

Gcr Pat. 20 , 177 . 



Chapter XVIL 

The Bleaching of Cotton {Cont.). 

I, Alkalinity of Bleaching Powder Solutions. 

When bleaching powder is dissolved in water there is always more 
or less free lime to be found in solution. The quantity of free lime 
taken up appears to vary inversely with the concentration, calculated 
upon the cblorine strength. The proportion of free to total combined 
lime (CaO) m bleaching powder itself has been found by O’Shea^ 
to be about i :2.4; one-half of the combined lime, however, on solution 
reverts to calcium chloride (CaCl2), the other half remaining com- 
bined with the chlor-oxygen group. In a mixture of bleaching pow- 
der and water there is nearly as much free lime as there is lime com- 
bined as hypochlorite. In the clear solution of bleaching powder, how- 
ever, there is only a very small proportion of hydrate of lime present 
(i to 2 percent), as at the best it could only be a saturated solution of 
lime water (i 760), and in the presence of the large amounts of other 
dissolved lime salts it would represent a much less concentration. Con- 
sequently the clear solution of bleaching powder forms a very nearly 
neutral liquor.^ 

The content of dissolved hydrate of lime in solutions of bleaching 
powder appears to be practically independent of the concentration, as 
is shown by the following figures which represent the analyses of fil- 
tered bleach liquors prepared from tooo c.c. of water with varying 
amounts of bleaching powder: 


Bleaching powder 
gms. per liter 

Content CaO 
gms. per liter 

Avail, chlorine 
gms. per liter i 

Avail, chlorine 
after 20 days 
gms. per liter 

Loss 

Percent 

25 1 

0.873 

586 

4-97 

15.15 

50 

08^ 

11.36 

10.51 

7.50 

100 

0.918 

21.80 

20.73 

4.89 


^Jour. Chem. Soc., 1883, 417. 

• The alkalinity of the chloride of lime bleach liquor, that is to say, its content of 
calcium hydrate Ca(OH)2, varies with the proportion of water originally used in preparing 
the solution. If this proportion is changed the quantity of acid necessary to be added for 
neutralization will also change. A bleach liquor, for instance, which has been prepared 
by extracting fresh quantities of chloride of lime with water employed for exhausting a 
previous lot will have a much higher alkalinity (and will consequently require the addition 
of much more acid for neutralization) than a liquor prepared from a concentrated chemic of 
an equivalent content of active chlorine. Furthermore, in this connection, it must be par- 
ticularly noticed that the addition of acid increases the bleaching velocity only up to 
a certain point; when all the hypochlorite salt is decomposed, then further addition of acid 
will only liberate chlorine (HO(Jl -j- HCl = H*0 -f- <31a). 


316 



THE BLEACHING OF COTTON 


317 


It will also be noticed from the above table that the loss in strength 
of the chemic solutions is less for the strong solutions than for the 
weak, probably due both to the slightly increased alkalinity and the les- 
sened degree of dissociation. 

2. Other Forms of Chloride of Lime. 

Calcium hypochlorite of high concentration has been prepared by 
saturating milk of lime with chlorine gas. The liquor is then filtered 
and concentrated by evaporation in a vacuum in order to avoid the 
decomposition of the calcium hypochlorite. Cy this method solid crys- 



Fig. 159.— Bleacher’s Liming, Souring and Washing Machine. 


talline calcium hypochlorite may be obtained containing from 80 to 90 
percent of active chlorine. 

Instead of employing chloride of lime as the bleaching agent, 
other chlorine compounds may be used. Even solutions of free chlor- 
ine have been tried, but this method docs not appear to be a success, 
both on account of its expense, and by reason of the fact that solutions 
of free chlorine gas are not as effective in their bleaching action as 
bleaching powder or chlorine in a condition of just being liberated 
from its chemical compounds ; the so-called “nascent” state. Attempts 
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Jiave been made to convert free chlorine gas into this condition by 
“ionizing” it by means of an electric spark, and some degree of suc- 
cess is claimed to have been attained. Instead of using solutions of 
bleaching powder prepared from the dry powder, a solution prepared 
by saturating milk of lime with chlorine gas has been put on the market, 
and has proved very effective. Such a solution contains a large pro- 
portion of calcium liypochlorite. and if preserved in a cool place will 
retain its strength for a long period of time. 

3. Stability of Bleaching Powder Solutions. 

In order to study the stability of hypochlorite solutions Higgins 
has utilized the reaction of bleaching powder solutions with copper 
oxide. In this reaction oxygen is given off and the rate at which the 
oxygen is evolved is employed to measure the stability of the solution. 
In carrying out this test a 100 c.c. Jena flask is used fitted with an 
india-rubber stopper through which a glass tube is ])asscd. This tube 
is bent twice at right angles outride the flask and terminates under a 
burette filled with, and standing in a basin of, water. The bleaching 
powder solution (100 c.c.) and the powdered copper oxide (1 gram) 
are placed in the flask and the amount of oxygen evolved is measured 
at intervals. 

It is well-known that the more stable a solution of hypochlorite is 
the less readily it bleaches, and an\ circumstances which make the solu- 
tion less stable increase its bleaching effect. Thus the addition of 
alkali increases the stability and decreases the bleaching effect, whereas 
the addition of neutral salts is attended by opposite results in each case. 
The application of heat decomposes the hypochlorite, and also stimu- 
lates the bleaching action of the <^olution. I'he effect of suiflight on 
hypochlorite solutions w’as investigated by White, who foiiiKl that 
bleaching pow'der solution under the action of sunlight gave off pure 
oxygen, or rather that the evolution of oxygen from liypochlorite solu- 
tions was greatly accelerated by exposure to the sun’s rays. Moreover, 
all bleachers know the value of the sun’s rays in the bleach-house, be- 
cause they stimulate the bleaching action of hypochlorites ; this in- 
creased efficiency again forms a parallel with decreased stability, and 
points to the conclusion that the pure oxygen wdiich is evolved in the 
one case performs the bleaching in the other. The evolution of the 
oxygen is quickened by removing the gas from the solution, and in the 
bleaching cistern this removal is perfo’^med by the action of the oxidiz- 
able matter present.. 

The stability of solutions of bleaching powder seems to be some- 
what dependent on whether or not thev aic prepared in a concentrated 
or dilute form. This is shown by the fact that if a strong bleach liquor 
is first prepared and then diluted to a definite strength it is far less 
stable than if the dilute liquor were ])reparcd directlv, as is demon- 
strated by the following test : a concentrated lifjuor of bleaching powder 
was prepared, settled, filtered, and then diluted to a strength of 4.10 
grams of available chlorine per liter; then a dilute liquor of approxi- 
mately the same strength was prepared directly from bleaching powder; 
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the first solution in 8 days open lost 13.17 percent strength, and closed, 
11.22 percent, while the second solution lost only 7.62 percent and 4.05 
percent respectively. The explanation of this is probably due to the 
fact that the second solution will contain a somewhat higher proportion 
of free caustic lime (('a(OTI)2). Higgins concludes that the bleaching 
efifect of hypochlorite solutions is proportional to the rate at which 
these solutions evolve oxygen gas when in contact with copper oxide. 



Fic. 160. — Machine for Cheinicking and Souring. 


4. Bleaching with Chloride of Lime. 

The blcacliing ])rocess proper, or the treatment with chloride of lime, 
is generally called chcmichini}, and the bleach liquor is known as the 
chcmic. The bleaching is effected by steeping the goods in a clear 
solution of chloride of lime standing at to 2° 'fw. The chemicking 
is usually carried out in either wooden or cement tanks; the latter are 
preferable, as wood is rapidly attacked by the solution of chloride of 
lime. The proper solution of the chloride of lime is a point of con- 
siderable importance, not only from considerations of economy, but also 
from the fact that improperly prepared solutions may act very in- 
juriously on the goods. The use of strong solutions of bleaching 


320 


BLEACHING 


powder must be avoided, as these act in a very injurious manner on the 
cotton, both through their action as strong oxidizing agents (thus 
forming oxycellulose), and by reason of the fact that large amounts 
of free hydrochloric acid arc generated in the bath. By the use of 
alkaline solutions the formation of this acid is prevented, but at the 
same time the energy of the bleaching action is also considerably 
moderated. If the bleaching bath is too weak there is liability of lack 
of penetration, and the outside of the fiber will be bleached, but the in- 


Fig. i 6[.— Chenuc Box. 



Side will not, and as a result, the goods are liable to become vellowish 
again on exposure and after the lapse of time. The best strength of 
chloride of lime solution to use for bleaching under ordinary conditions 
is about 1° to 2"" Tw. Solutions of greater strength than this are dan- 
gerous to use on account of the liability to tender the cotton. 

^ The concentration of the chemic solution, or rather the total quan- 
tity of the active chlorine in the bath, should be regulated according to 
the amount of impurities in the goods. It is not only the concentration 
of active chlorine tliat counts, but also the quantity of chemic in contact 
with the material. Over-oxidation or ‘^urning’^ of the goods is possible 
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even in relatively v^eak chemics provided the bath is of sufficient vol- 
ume, for if the bleaching action is continued for a sufficient length of 
time the effect of the chlorine will be an accumulative one. The amount 
of total chlorine in the bath should not exceed a certain ratio to the 
quantity of the goods. The chlorine consumption in bleaching quickly 
reaches a definite value which corresponds to the oxidation of the easily 
destroyed substances which it is the object of the bleaching to remove. 



Fig. 162.— Saturating Machine for Qiemic or Sour. 


The more difficultly oxidizable substances, such as the cellulose itself, 
are only acted upon slowly. The stronger the original concentration 
of the chemic the more rapid will be the oxidation of the impurities, 
and the shorter, in consequence, must be the bleaching action in order 
to avoid the attack on the cellulose. The chlorine consumption is very 
seldom such as to lead to the complete exhaustion of the bath. There 
always remains, even after the most extended period of bleaching, a 
certain amount of active chlorine still in the bath, and also in the goods 
themselves, so that the latter have to be thoroughly washed in order to 


322 


BLEACHING 


set free the easily broken up hypochlorous acid, or be treated with anti- 
chlor. Solutions that are acidified or heated exhaust much better than 
those that are alkaline and cold. 

Ebert and Nussbaum by a scries of experiments have shown that if 
the diffusion velocity of the hypochlorite is proportional to the concen- 
tration, the velocity of blcacliiipj^ is almost independent of the concen- 
tration, and is determined by the temperature, but principally by the 
acidity. If there is a deficiency of hypochlorite, then the bleaching 
velocity is determined by the resulting slower diffusion, etc. 

It is almost impossible to decide in a general way just what are the 
proper limits for the chlorine concentration of chemics in order to avoid 
injury to the fiber and yet give the most efficient bleaching results. It 
is sometimes better policy to give a rapid short bleaching in an energetic 
chemic rather than use one whose bleaching properties are slow, and, 
in consequence, necessitating a longer exposure of the goods to the 
bath. In using energetic liquors, however, and a short treatment, there 
is danger of lack of uniformity owdng to improper or incomplete circu- 
lation and diffusion. The conditions of the chemic solution should be 
studied with reference to the character of the goods to be bleached as 
well as the other factors involved, as wEat might be satisfactory for 
one set of conditions might be totally unfit for others. In the action of 
the chemic, proper and close consideration should be given to the ade- 
quate diffusion of the active bleaching compounds through not only the 
goods in mass but also through the ultimate fiber itself. In the use of 
warm or acid chemics where the bleaching energy is very active and 
rapid, there is always a possibility of lack of proper diffusion of the 
chemic through the fiber, with the result that wdiile the outer portion of 
the fiber is very energetically bleached (even to the point of formation 
of undue proportions of oxycellulosc) tlie inner portion may be insuffi- 
ciently bleached, a condition which is very liable to give rise to certain 
objectionable defects in the bleached goods later. 

Solutions of chloride of lime of a less chlorine strength than 1.25 
grams of chlorine per liter (E'® Tw.) do not appear to exert any in- 
jurious action on the strength of the cotton fiber, even at a temperature 
as high as 80° F. When a strength of about 3 grams of chlorine per 
liter (1° Tw.) is reached, the cellulose of the fiber is gradually attacked 
with the formation of oxycellulosc and hydrocellulose, and a conse- 
quent disorganization of the structure of the fiber. The action of the 
chloride of lime solutions on the cotton fiber is not perhaps so much due 
to the hypochlorite as to the free lime wEich is present in nearly all 
commercial grades of bleaching powder. This acting in the presence 
of an oxidizing agent (the hypochlorite or chlorine) raf)idly attacks the 
cellulose of the fiber. This probably accounts for the fact that mag- 
nesium hypochlorite prepared by the electrolytic method has but little 
injurious action on cellulose, as there is no caustic alkali present. 

A simple method of appl>ing the bleach liquor is to use an ordinary 
washing machine for containing the .solution, the goods are run through 
this and piled up and exposed to the air for several hours, or even over- 
night; after which they are soured. The goods before treatment with 
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the bleaching solution should not be too saturated with water, as the 
chloride of lime will be too much diluted as it is absorbed by the fiber. 

Tailfer “ records some interesting facts concerning the amount of 
chlorine required in the practical bleaching of cotton goods. In one 
example 850 kilos, of cotton ribbons were used, and these required 
5,500 liters of bleach liquor, from which was absorbed during the 
bleaching an equivalent of 385 liters of gaseous chlorine; the total 



Fig. 163. — French Type Chemicking and Souring Machine. 


(lu.'intity of chlorine contained in the liquor was 2.2 liters per kilo, of 
fabric, and the amount absorbed was 0,45 liter per kilo, of fabric. In 
a second example, 1,350 kilos of cambric were bleached with 31,200 
liters of li(]iiid, the total content of chlorine in which was 7,488 liters. 
1 he amoimt of gaseous chlorine absorbed in this case was 1.6 liters per 
kilo, of fabric. In a third example, 2,000 kilos, of cambric were chem- 
icked for the second time in 39,000 liters of liquid of 0.21° chlorome- 
trie strength ; after 2 hours’ steeping the strength had fallen to 0.20°, 
after 4 hours to 0.19°, showing that the cheniic had no action after the 

* Bleaching of Linen and Cotton, p. 113. 
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first 4 hours, and the fabrics should have been withdrawn at the end of 
that time. The total quantity of chlorine originally present was 39,000 x 
0.02 =r 780 liters; hence, each kilo, of fabric absorbed 0.39 liter of 
chlorine. The total quantity of liquor regained, however, only 
amounted to 30,000 liters, the rest being retained, it represented 39,000 
xo.i9= 2,490 liters, or 1.24 liters per kilo, of goods. This is equiva- 
lent to approximately 0.4 pound of chlorine per 100 pounds of goods, 
and if reckoning that each pound of chlorine thus utilized requires 
about 3 to 4 pounds of bleaching powder to start with, we have the 
amount of the latter as 1.2 to 1.6 pounds per 100 pounds of goods. 



Fig. 164. — Slack Washing Machine. 


The French chloronietric degree represents the number of liters of 
gaseous chlorine contained in one liter of the solution. 

The strength of chemic required in bleaching cotton will depend to 
a great degree on the nature of the goods as well as other circumstances 
such as the thoroughness of boiling-out, the temperature of bleaching, 
the method of treating the goods and the degree of whiteness desired. 
For ordinary purposes, however, where a very good boil-out has been 
given the bleach liquor should show a .strength of about 3 grams of 
available chlorine per liter, which corresponds to a freshly prepared 
chloride of lime .solution of about Tw. With chemics prepared 
from chlorine and alkali the content of available chlorine will be con- 
siderably less for the same hydrometer reading in degrees Tw., but 
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these will nevertheless have about the same bleaching efficiency as the 
chloride of lime. In the case of goods containing low grade carded 
yarns where shives and motes (sometimes very aptly called by the 
bleacher “sticks”) occur in large quantities, it may be necessary to 
employ stronger chemics in order to clear up the goods. Care must be 
had, however, not to use too strong a chemic, as this results in the 
formation of oxycellulose and the tendering and rotting of the 
material. The use of a chemic of over 3"^ Tw. (8 grams of available 
chlorine per liter) is always dangerous, and even this strength should 
never be used except under carefully regulated conditions. Rather 
than use very strong solutions it is better to repeat the bleaching opera- 
tions several times with weak liquors. It may also be remarked that 
solutions of sodium hypochloridc may be used in higher strengths than 
chloride of lime with less danger to the goods. The strength of the 
chemic, however, is to be studied in relation to the nature of the solu- 
tion and its resulting bleaching activity and the temperature at which 
it is used. 

5. Temperature of Bleaching. 

Temperature has considerable effect on the rapidity of decomposi- 
tion of the hypochlorite solution. According to Foerster and Jorre a 
rise in temperature of C. (= about 13° F.) doubles the velocity 
of decomposition, and Abel has shown that the acceleration is greater 
in the case of alkaline solutions than with neutral or acid solutions. 
Therefore, it is natural to expect that bleaching would take place 
quicker in w.^nn than in cold solutions. This fact is recognized in 
practice, and is found that bleaching takes place faster in summer 
than in winter. While it is possible to shorten the bleaching reaction by 
using warm hypochlorite liquors, it must be remarked, however, that 
such chemics must be used with great care on account of the great dan- 
ger of the formation of oxycellulose and the consequent weakening of 
the fiber. In the bleaching of coarse cotton goods made from low- 
grade carded yarns contaminated with a large amount of motes and 
shives, it may at times be found expedient to use a chemic which is 
warmed to 95 or 100° F. The use of higher temperatures should be 
avoided as an improper and dangerous practice. In the bleaching of 
paper pulp it is quite common practice to accelerate the action of the 
chemic by heating to about 100° F. Sometimes in the bleaching of 
other coarse vegetable materials (such as reeds, plait, etc.) the same 
practice is used. It is also quite usual in the bleaching of jute and 
sometimes even in bleaching linen, though in the latter case warm chem- 
ics should not be used except for low-grade and coarse yarns or fabrics. 
In ordinary bleaching processes, however, there is no objection to 
warming cold hy|X)chlorite liquors to a practical bleaching temperature 
of 80° F., provided, however, that proper care is taken to avoid local 
overheating. 

While the moderate heating of chemic solutions shows an accelera- 
tion of the bleaching reaction, if the temperature is raised too high the 
bleaching activity shows a rapid decline. This is caused by the rapid 
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formation of chlorate at the liiglier temperature, and the chlorate pos- 
sesses no bleaching pozioer. 

The use of warm chemics is only of advantage to the bleacher when 
a rapid bleaching effect is desired, as in the comparatively rapid pas- 
sage of yarn through the ehemic, or in rapid continuous bleaching 
systems for cloth where the fabric is impregnated with the chemic and 
then is run over warm drying cylinders or througli a steam chest. Such 
rapid methods of bleaching, liow'cver, nearly always show an imper- 



fectly penetrated bleach, and this must be balanced up against the sav- 
ing in time and cost of treatment.'* 

Descriptions of methods of bleaching sometimes to be met with in 
which cotton is boiled with mixtures of liypochlorite and alkali, are to 
be taken emn grano salts as far as their ])racticability is concerned, as 
they lack the elements of common sense and sound technique. 

When a warm chemic is used it is important to properly regulate 
the quantity of the bleach bath as well as the concentration of active 
chlorine therein, for in this case w'cak though large baths may cause 

* Investigation has yet to determine if a warm blear li is of any particular advantage in the 
saving of chemicals, appearance of the filx r and pcrmancruy of the white, as there is lack 
of any definite data on this siibjert dr rived from practical work. 
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an over-oxidation of the ,e[oods because the decomposition of the hypo- 
chlorite is both more rapid and more com[)le(e and the entire amount of 
the oxygen set free enters quantitatively into the reaction. In using 
warm chcmics, therefore, the total chlorine content of the bath should 
be regulated in accordance with the quantity of goods to be bleached, in 
order to avoid the danger of the formation of oxyccllulose. 

])lackmann ^ recommends in his process a bleaching temperature of 
130° to 160° F., but this is certainly too high and would be dangerous 
to use in practice. Perhaps in the use of electrolytic .sodium hypo- 
chlorite liquors containing a high ])roportion of common salt such high 
temperatures may be used with more safety to the goods than would be 



Fig. i66.“String Tub Washing Machine. 


tlic case with chloride of lime. Put we do not know of any practically 
successful process, even with electrolytic bleach liquors, where such 
high temperatures have been found of advantage. Schwalbe, in practi- 
cal experiments on this subject, found a temperature of 85° F. to be 
the most suitable for bleaching, and Kind and Weindel through inde- 
pendent experiments on the stripping of indigo-dyed }arns came to the 
same conclusion. 

Frciherger recommends a warm bleach in the continuous process of 
Dleaching fabrics, where the latter arc run through special apparatus 
containing the chemic and the goods are only in contact wu'th the solu- 
tion for a brief time. In this case a moderate heating the hypo- 
chlorite bath increases the efficiency of the bleach. It is important, 
however, to regulate the strength of the bath by continual circulation 

* Gcr. Pat. 90,768. 
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and the addition of fresh chemic so that a constant chlorine content is 
maintained. 

According to Erban ® cop bleaching is carried out with chloride of 
lime solutions cooled with ice, in order to permit of the use of stronger 
chemics and a longer period of action without the danger of forming 
oxycellulose. 

6. Effect of Light in Bleaching. 

The cfTect of light has quite an imporlant bearing on the results of 
bleaching as it increases the rate of decomposition of the hypochlorite 
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solution. Il has always been noticed that bleaching takes place more 
quickly when the goods after being chcmicked are exi)oscd to the action 
of sunlight. According to Keller^ when goods saturated with hypo 
chlorite solution are exposed to intense sunlight the formation of 
oxycellr.lose takes place, consc{|uently it is recommended to cover the 
windows in bleacherics with yellow glass which will cut off the blue and 

* Chemiker Zcitiin^, 1910, p. H07. 

’ Letp-^iger Fdrberzeitung, 1909, p. 246. 
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violet rays, as these are the principal cause for the oxidizing action of 
the light. Sansone ® also recommends the use of yellow glass. Kind,” 
however, from experiments conducted on this matter, disagrees with 
Keller as to the importance of the effect of light in causing the forma- 
tion of oxycellulose. He believes that when the chemicked goods arc 
exposed to strong direct sunlight there is local heating, and this together 
with the action of the carbon dioxide of the air may cause the severe 
oxidation leading to the formation of oxycellulose. While exposure to 
direct sunlight may cause untoward effects in bleaching, the present 
author is of the opinion that diffused sunlight is rather beneficial as an 
aid in bleaching, and there arc seldom to be found bleacherics where the 
sunlight within and acting on the goods is so strong as to cause weak- 
ness through over-oxidation. Well-lighted bleacherics, where white- 
wash or white paint is liberally used so as to produce a maximum of 
diffused lighting effect, are much to be preferred to dark and ill-lighted 
rooms, and it will seldom be necessary to put yellow glass in the win- 
dows. If a lighting system permits of direct sunlight falling on the 
chemicked goods, the defect is easily remedied by the use of ground 
glass or other forms of glass causing proper diffusion of the light. Any 
evil effects in bleaching that may be caused by exposure of the goods to 
strong light are more liable to be due to local drying of the fiber so that 
it thus becomes overcharged with hypochlorite which, becoming highly 
concentrated through evaporation and in conjunction with the air, 
brings about the formation of oxycellulcsc and the consequent rotting 
of the fiber. 

7. Souring or "treating with Acid. 

The treatment with acid after steeping in chloride of lime is usually 
termed the “white sour.” The method of operation is to pass the goods 
through a solution of sulfuric acid at about 1° Tw. cold, or a corre- 
sponding solution of hydrochloric acid, and the same machine is em- 
ployed as that used for souring the goods after lime boiling. The acid 
has the effect of decomposing entirely any chloride of lime which may 
still be present in the material, and also of removing all lime com- 
pounds therefrom. In case sulfuric acid is used, finely divided sulfate 
of lime will be precipitated, which is subsequently removed from the 
goods by washing; if hydrochloric acid is used, however, the extremely 
soluble chloride of calcium is formed and no precipitation takes place. 
On this account, the use of hydrochloric acid is frequently recom- 
mended in place of sulfuric acid; but as the former is liable to be con- 
taminated with iron, stains and spots are sometimes formed when it is 
used, so that the bleachers are more given to the use of sulfuric acid. 
Hydrochloric acid, however, may be obtained commercially, free from 
iron, and this may be used without fear of bad results. 

If the goods, after treatment with the chloride of lime, have not 
been exposed to the action of the air or of mild acids, the full white 
bleach will not show up until after the souring. Sometimes, it is the 

* Zeugdruck, p. 19. 

*Da 5 Bleichen der Pfhnsenfasern, p. i39* 
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and the addition of fresh chemic so that a constant chlorine content is 
maintained. 

According to Erban ® cop bleaching is carried out with chloride of 
lime solutions cooled with ice, in order to permit of the use of stronger 
chemics and a longer period of action without the danger of forming 
oxycellulose. 

6. Effect of Light in Bleaching. 

The cfTect of light has quite an imporlant bearing on the results of 
bleaching as it increases the rate of decomposition of the hypochlorite 
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solution. Il has always been noticed that bleaching takes place more 
quickly when the goods after being chcmicked are exi)oscd to the action 
of sunlight. According to Keller^ when goods saturated with hypo 
chlorite solution are exposed to intense sunlight the formation of 
oxycellr.lose takes place, consc{|uently it is recommended to cover the 
windows in bleacherics with yellow glass which will cut off the blue and 

* Chemiker Zcitiin^, 1910, p. H07. 

’ Letp-^iger Fdrberzeitung, 1909, p. 246. 
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lK[iiors and the acid baths. After the final washing, which lakes place 
m the irsnal form of macliinc, tlie goods, if intended to he marketed in 
the white form, arc starched and tinted, and finally dried and calen- 
dered. If intended for dyeing or printing, the tinting and starching are 
omitted, and the goods arc simply opened out, squeezed and dried ovc 
cans. 

8. Effect of Acid Solutions on Cotton. 

Cold dilute solutions of li} drochloric or sulfuric acid react with 
cotton, or cellulose in i^cncral, in a manner very similar to that of solu- 
tions of weak alkalies, forming compounds with the cotton without 



hiD. 169.- -1 lolly Waslur ('I'cxt. Fin. Mchy, Co). 


affecting the strength of the hher. In concentrated solutions, however, 
cither of these acids attack cotton very energetically, causing a destruc- 
tion (if the organic structure of the fiber, and forming a compound 
which has lieen variously called “hydrocellnlose’’ and “hydracellulose,” 
and which, more properly speaking, is probably a hydrate of cellulose. 

lot solutions of the mineral acids, even when comparatively dilute, will 
lapidly attack cotton, and the rapidity of the reaction increases as the 
tcniperature and strength of the acid solution rise. Experience has 
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shown that in bleaching the temperature of the acid liquors employed 
should never exceed 70° to 80° F., and that the strength of the acid 
solutions should be below 2 percent, as otherwise there will be great 
danger of the cotton being tendered. 

Acetic acid, on account of its not being injurious to vegetable fibers, 
and as its salts are very soluble, would be an excellent souring agent 
in bleaching were it not that it is much more expensive than sulfuric 
and hydrochloric acids. Oxalic acid could also be employed, but its 
lime salt is not soluble, and it is also too costly. As oxalic acid, how- 
ever, is a good agent for the removal of iron stains, it is sometimes used 
in bleaching where the goods have received a yellowish tint through the 
use of ferruginous or iron-bearing waters. Oxalic and acetic acids are 
also sometimes employed as sours in bleaching fabrics containing 
woven colored yarns, as the stronger mineral acids would be liable to 
attack the dyes. Oxalic acid usually brightens blue colors, while acetic 
acid brightens black colors. 

The strengths recommended for the acid liquors arc as follows : for 
a hydrochloric acid sour after a lime boil use 5 gallons of acid per 1,000 
gallons of water; for a sulfuric acid sour after chemicking, use 2 to 3 
gallons of acid per 1,000 gallons of water; these figures are based on 
the fabrics being squeezed, for if they arc impregnated with water, the 
acid will be too much diluted. In case the goods are not squeezed, the 
following proportions should be used : for hydrochloric acid sour after 
a lime boil, 10 to 12 gallons of acid per 1,000 gallons of water; for a 
sulfuric acid sour after chemic, 4 gallons of acid per 1,000 gallons of 
water. The figures in both the above cases are based on the supposition 
that the sours are heated to about 80 F. If the baths are used cold 
and the goods are not squeezed, the following proportions should be 
employed: for hydrochloric acid sour after a lime boil, 20 gallons of 
acid per 1,000 gallons of water; for sulfuric acid sour after chemic, 8 
gallons of acid per 1,000 gallons of water. If a mixture of the two 
acids is used after a chemic, and the temperature of the bath be about 
80® F., for unsqueezed goods the proportions should be 4 gallons of 
each acid per 1,000 gallons of water. If used cold, 8 gallons of sulfuric 
and 4 gallons of hydrochloric acid should be used per 1,000 gallons of 
water. 

It has usually been supposed that solutions of hydrochloric acid are 
more readily removed from cotton by washing than corresponding solu- 
tions of sulfuric acid, but investigation has shown that this is not the 
rase. ^ While the lime compounds produced by the action of hydro- 
chloric acid (calcium chloride) are very soluble and easily washed out 
as compared with the corresponding compounds produced by sulfuric 
acid (calcium sulfate), nevertheless the acid residues themselves are 
somewhat less easily removed in the case of hydrochloric acid. 
Koechlin as long ago as 1888 made some experiments on this matter; 
he steeped 100 grams of cotton yarn in 1500 c.c. of 1/5 normal sulfuric 
and hydrochloric acids respectively, centrifuged, and washed three 
times in 1300 c.c. of water. On testing the wash-waters the following 
proportions of the acids were found: 
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Wash-water 

Hydrochloric acid 

Sulfuric acid 

I 

37 

3-6 

2 

O.Q 

0.5 

3 

0.2 

O.I 


It would seem, therefore, that hvdrochloric acid is less readily washed 
out than sulfuric acidd^ 

From tests on the action of dilute sulfuric acid solutions on the 
tensile strength of cotton, Scheurcr has shown that a solution contain- 
ing 2 grams of sulfuric acid per liter at SeC C. has practically no de- 
teriorating effect during the first half hour’s treatment. At 90" C. the 
effect during the first half hour is, however, quite marked, amounting 
to a loss in strength of ahoul 20 percent. 

It is the drying of the acid solution in the cotton that produces the 
chief defects in bleaching traceable to the souring operation. In this 
case it makes little difference w-hat the strength or temperature of the 
sour may be, for if acid residues are left in the goods and then dried, 
the acid liquor by e\aporation of the water gradually becomes more 
and more concentrated untd the cotton is seriously affected. 

The weakening effect of dilute solutions of sulfuric acid on cotton 
also ajipears to be largeh' dependent on the duration of the action. 
Lang gives the following tests in this connection : 


Gnis. Sulfuric 

Perccut 

Loss 

ill Tcn^il 

e .Strength After 

60 days 

Acid per liter 

I d.iy 2 days 

4 days 

. 7(l.i>s 

14 days 

28 days 

5 

21 24 

2S 

.VI 

34 

39 

44 

2 

iS 22 

22 

in 

22 

-25 

30 

I 

12 19 

19 

17 

19 

21 

29 


Holden has shown that a proportion of sulfuric acid as low as 
0.002 percent (on the wa'ight of the cotton) when dried into the cotton 
fiber at a high temperature will cause serious deterioration in the tensile 
strength. 

Organic acids have little or no deteriorating effect on cotton, even 
when dried into the fiber. Exception, however, may be made in the 
case of oxalic acid, which is sometimes employed by the cotton bleacher 
and laundryman for the removal of iron-rust spots from the cloth. The 
action in this case is supposed to be due to crystalli/ation of the acid 
in drying within the cells of the fiber, thus causing their physical dis- 
ruption. This view is preferred to that which hoUE that the oxalic 
acid has a chemical actirjn similar to the mineral acids in causing a de- 
composition and breakdown of the cell tissue. 

Acid-rotting of cotton may be caused, not only by the action of 
acids themselves, but also by various salts which lend to hydrolyze and 
liberate free acid radicals. Many metallic salts arc of this character, 
such as magnesium chloride, zinc chloride, alum, etc. This effect^ is 
especially noticeable when residues of solutions of these salts are dried 

Miilhausener BeruJite, 1888, p. 5.17. 

" nisdssischer Textilblatt, 1910, p. <j35. 

Jour. Soc. Dyers & Col , 1910. 

” Kind, Deutsche I urber-Zeititng, ^909. 
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into cotton at elevated temperature such as experienced in drying ma- 
chines and calendersd^ 

Apparently the chemical action of the acid or acid salts on cotton 
fusing tendering or acid-rotting is to change the cellulose of the fiber 
into a body known as hydrocellitlose, which is an intermediate product 
in the complete chemical breakdown of the cellnlosc to glucose, the 



latter being the final product in the action of the aeid. Hydrocellulosc 
differs from cellulose by being rather soluble in caustic soda solutions, 
and also on heating or on long e\})osure to the air, it develops a lirown 
color. This accounts for the discolorations to be observed on acid 
spotted cloth after storing for some time. 

9- Use of Antichlors. 

P>y the term “antichlor” is meant a body that is capable of chemi- 
cally neutralizing chlorine or hypochlorites to form neutral and liarm- 
less substances. 

There arc several conijiounds which may be used as antichlors in 
bleaching, as follows; (i) sodium bisulfite, (2) sodium thiosulfate 
(hyposulfite) , (3) ammonia and (4) liydrogen peroxide. d1ic first is 

Kistenpart, Zcitsili, f. angciv. CItemie, 1912. 
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the one most largely used and it gives the best results, and is no doubi 
the cheapest in practice. Sodium thiosulfate is also cheap but is liable 
to precipitate sulfur on the goods which may afterwards lead to sulfur 
stains from contact with metals. Ammonia is quite effective but is 
more costly. Hydrogen peroxide is also more costly and besides it 
only neutralizes the active chlorine of hypochlorites and does not affect 
that of any chloramine which may be present. Also in using hydrogen 



peroxide as an antichlor it is not possible to use potassium iodide- 
starch paper to indicate the complete neutralization of the chlorine, 
since this test paper is also affected by hydrogen ])croxide. In this case 
it is necessary, therefore, to use a solution of toluidinc tartrate as the 
special reagent for chlorine. 

10. Dry Bleaching. 

In the process of “dry chloring” in calico printing, where the 
cloth is impregnated with a weak solution (0.2 to 1.0° Tw.) of chloride 
of lime and then without rinsing or souring is dried on hot drying 
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cans, one miglit expect that the fiber would be weakened and that 
oxycellulose would surely be formed. But such does not seem to be 
the case; Scheurer*- has investigated this point and found that no ap- 
preciable weakening is to be noticed. It is no doubt probable that 
under the proper conditions of this process the hypochlorite is com- 
pletely used up m_ performing its bleaching functions and tliere is no 
residue left to oxidize the fiber. Alkaline solutions of sodium hypo- 



Fig. 173. — Circular Tom-Tom Washer. 

chlorite cannot be used successfully with this procc.ss as the alkali will 
stain the j^oods and cause weakness; neutral solutions of sodium hypo- 
chlorite, however, may be employed with advantai^e. 

regard to the eflfect of drying and air in chemicked goods 
Witz describes the following interesting experiment : A strip of cotton 
cloth is hung in a solution of chloride of lime (5° Tw.) so that the 
greater part of the cloth is out of the liquor and so that the latter is 
** Mulhausener Berichte, tgo2. 
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drawn up through the fiber by capillary attraction ; after treating thus 
for I hour the sample is rinsed and soured in a weak solution of 
sodium bisulfite. On testing the strength it will be found that that part 
of the cloth exposed to the air during the chemickiiig will be seriously 
weakened, and the presence of oxycellulose can readily be shown. 
This simple experiment emphasizes the need of caution during bleach- 
ing to keep the goods submerged beneath the chcmic solution when a 
still bleach by soaking in the liquor is practiced. 

II. Cold Bleaching Methods. 

J his manner of bleaching does not have reference to the use of cold 
bleach liquors, but to methods of bleaching in which the goods are not 
previously boiled-out with alkalies in a kier. Mention has already 
been made of this in previous sections relating to boiling-out. 

Sometimes it is desirable to shorten the length of time required 
for bleaching. In certain cases where a tlu'ec-quarter bleach is per- 
missible it is possible to bleach without the use of chlorine, as, for 
instance, in the process of ITertel. Saiisone also gives a process for 
“cold bleaching” especially applicable to raw cotton, the material with- 
out previous boiling-out being treated for 3 to 10 hours in sodium 
hypochlorite of 3 to 5° Tw. with the addition of excess of soda, then 
rinsing and treating with a bath of sodium bisulfite. If necessary, the 
operations are repeated to obtain the desired degree of bleaching. As 
might be expected, however, the use of a strongly alkaline hypochlorite 
is poor practice and does not give uniform results. According to 
Leblois, Piceni & Company,^® cold bleaching may be carried out in a 
special apparatus in which raw cotton (or fine yarns) may be treated 
with cold liquors using a vacuum to obtain proper impregnation of the 
fiber and bleaching with “chlorogene.” As it is difficult to purify the 
cotton without a boiling-out process in cold bleaching Bickcl suggested 
the use of a pressure apparatus, using cold chloride of lime solution 
(2° Tw.) under about 2 atmospheres pressure for 3 to 4 hours and 
circulating with a pump. The further operations of rinsing and sour- 
ing arc also conducted under pressure, ddiis method is particularly 
aflapted to the bleaching of cops or other package goods such as 
beamed warps. 

Various methods of “cold bleaching” are practiced as circumstances 
suggest. In America large quantities of loose cotton are bleached in 
pack machines through which the neces^ary liquors mav be circulated 
under pressure by pumping. A rinse with warm water is usually first 
given, and then cold chcmic at 8° Tw. is circulated, followed by suit- 
able rinses, souring and soaping. Such a method, of course, docs not 
produce a very high degree of white, but it gives a cotton that may be 
spun into bleacherl yarns suitable for filling in colored fabrics. As the 
boiling-out is omitted, most of the wax is left on the fiber, so that it 
works c[uitc well in spinning, and may be readily used for counts up 
to 6o’s. 

Cer. Pot 36,062 

Oesterreich Wollcn und Lcincnindustric, 1910, p. 1284. 
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There have been methods of bleacliing suggested using a combina- 
tion of hyjiochloritc li(|uor and soap solution, tlie idea being to combine 
a scouring and a bleaching action in one process. The method of Pick 
and Erban is an example of this c^ss. Various additions of this 
character have been suggested, such af^\irkey-red oil, soap, castor oil 
soap, glycerin and alcohol, the latter for the purpose of increasing the 
capillarity of the solutions. It is probable, however, that solutions 



luG. 174— Roller Washing Machine. 

(bleaching or otherwise) penetrate the cotton fiber not so much 
through the action of capillarity as through that of diffusion or osmo- 
sis. Haller has shown by microscopic investigation that the cotton 
fiber docs not possess a porous structure and that the lumen or cell 
canal has little or no capillaiy effect. Herzog also has confirmed this 
fact as to the non-porous nature of the cotton fiber. The addition of 
Turkey-red oil or soaps cannot be made to chloride of lime liquors as 
an insoluble precipitate of lime soap is formed; consequently, when 

ifl undTcxtil- und Varhctckcilung, 1905. 

G/irm. Zeit., 1912, p. 169. 
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such oils or soaps are used as additions to the chemic it is necessary to 
use hypochlorite of sodium liquors. It might be thought that the 
methods of cold bleaching would be rather unsatisfactory in that they 
would not properly remove or destroy the motes and shives always 
present in cotton. To some degree this is true, but the results are often 
better than would be anticipated, as the bleach liquor discolors the 
shives to a pale yellow so they are not very apparent, and in the case 
of raw cotton, these foreign particles are usually so affected by the 
bleach solution as to be quite completely broken up and removed in 
the mechanical processing of the stock in the preparing, carding and 
spinning operations. Of course it cannot be expected that methods of 
cold bleaching will give a product comparable in purity of bleach and 
whiteness of color to that obtained by the usual processes of boiling-out 
and bleaching, and for a thorough bleach on cloth the cold method is 
not to be recommended; it must be limited to its legitimate uses in 
order to obtain satisfactory results. 

Another cold bleaching process giving a partial bleach on cotton is 
that in which the goods are first steeped overnight in a solution of malt 
enzyme (Diax, Diastofor or Polyzime), then rinsed, soured and 
bleached in a cold chemic at 2^^ Tw. 



Chapter XVIII. 

The Bleaching of Cotton {Cont.). 

I. Bleaching with Sodium Hypochlorite. 

Sodium hypocliloritc is extensively used for hleacliing at tlie present 
time. This compound may be obtained by saturating a solution of 
caustic soda witli chlorine gas, or by adding a solution of soda ash 
to one of chlorine of lime, whereupon calcium carbonate is precipitated 
and sodium hypochlorite is left in solution, or, further, by the electroly- 
sis of a solution of sodium chloride. Chloride of soda, as this hypo- 
cloritc is called, is more expensive than chloride of lime, but its use is 
attended with less danger to the cotton, and hence it is sometimes used 
for fine goods. Sodium hypochlorite costs about twice as much as 
chloride of lime, hut, on the other hand, its chlorine is twice as energetic 
in bleaching. Therefore, but little advantage in cost attends the use of 
sodium hypochlorite, except where a very soluble salt is needed, as 
when bleaching unspun cotton or fine yarns and goods. 


2. Preparatim of Sodium Hypochlorite. 

Sodium hyp'a'hloritc, or chloride of soda, to maintain the analojrv 
with chloride of lime, as prepared from bleaching powder may be made 
by a variety of means. The principal method, perhaps, is to mix to- 
gether solutions of chloride of lime and soda ash, allow the precipitated 
carbonate of lime to settle, and draw off the clear liquor of “chloride of 
soda.” In the preparation of sodium hypochlorite from soda ash and 
chloride of lime, care should be taken to have the final solution alkaline, 
and the soda ash should not contain much bicarbonate, as the presence 
of the latter body causes a rapid decomposition of the hypochlorite.^ 
As there is always camstic lime present in solutions of bleaching 


' Accorflmpf fo Sunder tlir prisciicc f)f S poicont of bic.iibon.Ttc in (lie soda ash will make 
the hypothlui ilo vet y unslabic, tho following cxpmmcntal data being givi'ii for sodium 
Iiypochlontf solutions picjiand by dilTeront methods' 

Bleach with: (’1 gms. per liter After 3 days After ii days 


Soda ash cold 

Soda ash 160° F 

With 5% NaTfCO, cold 
With 5% NallCOs 160" F. 


10 s8 

10 54 

9.62 

1 1 0 1 

10 6s 

9.90 

10 47 

8 ,8 

3.59 

II 47 

6 5O 

I.9I 


ITolbing {Fahukalion dcr lUcichinatcrialicn) also gives 
connection : 

Clear Bleach Liquor ppt. with 
V2 Na^COa 

Na.rOg NallCOs NaHCOa 


Cl (gms. per liter)... iqo; S'; 

After 1 (fay 14 So ^7 

After 3 days 13 -iT'o 

After 5 days 1 1 lO -’38 

Loss in percent 2597 70 75 


10.28 

7-90 

5.10 


287 

72.08 


the following data in this same 
Liipioi and sludge ppt. with 


Na.COa 

V2 iNaA-tia 

Vi NallCOa 

NairCO^ 

17 7.3 

18 08 

12 97 

>7 73 

15.60 

9.38 

17 73 

8 62 

6.13 

17-73 

5-74 

3 72 

none 

68.26 

71.33 
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powder, there will consequently be a small amount of caustic soda 
formed in the above method. A "ood proportion of the ingredients to 
use is 60-65 lbs. of soda ash to 100 lbs. of bleaching powder, supposing 
the latter to he full strength (36 percent available chlorine). Sodium 
hypochlorite may also be made by the addition of caustic soda to a 
solution of bleaching powder; and still another method is the action of 
sodium sulfate on chloride of lime. The advantage of using the latter 
process is in the low price of sodium sulfate. There is precipitated 
in this reaction finely divided calcium sulfate which is very slow in 
settling; so in order to enhance the settling it is best to add some soda 
ash along with the sodium sulfate, whereby calcium carbonate is also 
formed, and this settles quite rapidly and at the same time serves to 
bring down the calcium sulfate. 

Sodium hypochlorite in a solid form has licen prepared by Bullier 
and Magnenne bv compressing a mixture of chloride of lime and crys- 
talline sodium sulfate in the dry state and without employing heat. A 
double decomposition takes place with the formation of sodium hypo- 
chlorite and calcium sulfate. 

Higgins states that a very active solution of sodium hypochlorite 
may be prepared by precipitating a solution of bleaching powder with 
a mixture of soda ash and sodium bicarbonate. The function of the 
sodium bicarbonate is probably to unite with the free lime in the 
solution causing it to be precipitated and thus producing a very active 
bleaching liquor. Only a very small amount of sodium bicarbonate is 
needed. 

In the preparation of sodium hypochlorite from bleaching powder 
and soda ash the following reaction takes place: 

CaOCU + Na ,CO, NaOCl -f NaCl 4 - CaCO , 

The carbonate of lime is insoluble and settles out as a sludge or pre- 
cipitate leaving a clear liquor consisting of a solution of sodium hypo- 
chlorite and sodium chloride, and thus quite free from lime compounds. 
Owing to the presence of caustic lime in the blcacliing powder, there 
will also be a certain proportion of caustic soda in the liquor, and this 
will give it a distinctly alkaline reaction. As long as there is a de- 
ficiency of soda ash in the solution, the caustic soda that is formed will 
in turn react with the bleach to give sodium hypochlorite and calcium 
hydrate again : 

CarOH), -f NaXO, == 2 NaOIT -f CaCO, 

2 NaOH + CaOCl^ == CaCOII)^ -f NaOCl + NaCl 

The proportion of caustic soda in the solution will vary considerably 
with the method of mixing the liquors. When the soda ash solution 
is added directly to the entire mass of the bleaching powder, including 
both the liquor and the sludge, there will be a considerable amount of 
caustic soda formed in the reaction, as most of the calcium hydrate 
is in the sludge; but where only the clear liquor from the bleaching 
powder solution is used, as this contains only a small quantity of dis- 
solved calcium hydrate, there will be only a relatively small amount of 
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caustic soda formed. In this connection Kind and WeindclP give the 
following experimental data: a clear bleaching powder liquor of a 
strength of 29 grams of available chlorine per liter which was treated 
with soda ash solution and diluted to a strength of 4 grams of available 
chlorine per liter showed an alkalinity corresponding to 0.028 gram 
of CaO per liter ; whereas a milk of chloride of lime of a strength of 
10.3 grams of available chlorine per liter on treatment with soda ash 
and dilution to a strength of 4 grams of available chlorine per liter gave 
an alkalinity corresponding to 0.168 gram of CaO per liter. 

In the preparation of sodium hypochlorite liquor from the hlcachim,^ 
powder and soda ash there is always a certain loss of bleach liquor 
from the solution that remains with the sludge and which, therefore, 
cannot be utilized. The author has made the following test in this 
connection; too grams of fresh bleaching powder (41 percent avail- 
able chlorine) were mixed with water (75° F.) and a solution of 65 
grams of soda ash (56 percent Na^O) was added. The liquor was 
made up to 2020 c.c. in a graduated glass cylinder with water and* 
thorouglily mixed. After settling i hour there was 1600 c.c. of clear 
liquor, which only increased to 1^0 c.c. after 14 hours settling. Con- 
se([uently the sludge occupied about 14 percent of the total volume of 
the mixture. The density of the liquor was 7° Tw. and tested 20.25 
grams of available chlorine per liter. The clear liquor (1660 c.c.) was 
drawn off and fresh water was added to original volume (2020 c.c.) : 
after mixing and settling to 1660 c.c. again ihe clear liquor showed a 
strength of 3.4 grams of available chlorine. Therefore the total 
amount of bler^hing value utilized by the clear sodium hypochlorite 
liquor was i66c xc. at 20.25 pt'r liter = 33.615 grams Cl 

1660 c.c. at 3.4 grams per liter 5.644 grams Cl 

Total = 39*259 grams Cl 

or 95.7 percent of the available chlorine in the original bleaching 
powder, leaving 4.3 percent as loss in the .sludge. 

3. Various Hypochlorite Preparations. 

Chlorozone was a preparation of sodium hypochlorite first put on 
the market by Brochoki.'’ It is obtained by saturating a sold solution of 
caustic soda with chlorine gas, which is claimed to be previously peroxi- 
dized ( ?). It occurs as a clear limpid liquid of a density of from 1.18 
to 1.250. Chlorozone of the latter strength contains the following; 

Percent 


Chlorine 12.68 

Cxygen 5.82 

Sodium 8.62 

Water of combination 3.38 

Water of solution, etc 69.50 


^ Lrif^tgcr Moualsdirift fur Tcitiliiuiuslric, 1008 
Cliloro7one was a prop-Tration wliich contained free hypochlotous .Kid, and its value was 
at first ratlicr dcccivini; on account of its increased bleaclung energy, but owing to this 
1! liable to form oxycellulosc and tliis limited its general acceptance in the trade, 
ihe bleacher himself can produce a similar chemic by carefully neutralizing ordinary hy- 
poclilon'tc solution with acid. 
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Clilorozone forms a very safe bleaching liquor, and may he used 
both hot and cold. Weight for weight it has three times less chlorine 
than bleaching powder, and on account of its relatively high price, it is 
not much used. It is probably that chlorozone contains oxy-chlorine 
compounds, and hence it is dilTcrent from plain sodium hypochlorite of 
soda. Solutions of chlorozone also keep better than the latter. A 
somewhat similar product is that known as clilorogenc. 

Hypochlorite of ]H)tash may he prepared and used in a similar man- 
ner to the corresponding soda salt, but as the potash compound is 
dearer it is never used. Cotelle’s hypochlorite is a specially prepared 
hypochlorite of soda made by the sodium sulfate method. It is manu- 
factured in France by a secret process, and the product is almost 
neutral, containing neither caustic nor carbonated alkali, on which ac- 
count it is highly esteemed for the bleaching of fal)rics containing 
colored yarns; it may also he employed for the bleaching of silk. 

ITypuchlorite of magnesia is prepared hv mixing solutions of mag- 
nesium sulfate and chloride of lime; the solution so obtained is quite 
neutral and its bleaching power is good. The solutions dccomt)ose 
very quickly, however, and so it docs not serve as well as solutions of 
sodium hypochlorite. ITyj)oehlorite of zinc may be prepared by mix- 
ing solutions of zinc sulfate and chloride of lime. Its bleaching action 
is very good, but it is liable to weaken the fiber. 

In order to remove the excess of lime or soda from solutions of 
chloride of lime or .sodium hypochlorite, the addition of a solution of 
magmesiuni chloride is recommended. In the case of chloride of lime, 
the following reaction takes place: 

( aO + MgFl , - ( aCl, + Mg( ) 

'The magnesi.'i. being insoluble, is ])reei))itated, whih' the calcium 
chloride remains in solution. In the case of sodium hypochlorite or 
other akaline bleach liquor, a .similar reaction takes place. Magnesium 
chloride thus used in connection with chloride of .soda very materially 
increases its bleaching activity, by neutralizing the excess of alkali 
])resent, and furthermore it prevents the injurious action on the hber 
due to the presence of the lime in the solution. 

‘‘Wilson’s Licpior’’ is the name given to a solution of aluininiiim 
hypochlorite. It is said to he a very effective bleaching agent, and is 
prepared by adding a solution of aluminium sulfate to one of bleaching 
powder. It may aKo he prcjxired, and perhaps more economically, by 
the action of chlorine on sodium aluminate, the latter being the method 
]>roposcd by Weise. f«v the use of aluminium bleaching litpiors the 
action appears to be more rapid, while the tise of acid is not required, 
and hence there is less danger of tendering the goods. 

Frcgeard has recommended the addition of zinc sulfate to sodium 
hypochlorite solution for the ])Urposc of increasing its bleaching action 
There have also lieen methods suggested far combining the action oi 
hypochlorite sf)lutions with hvdrogen peroxide, ozone, and other oxi 
dizing agents; these, however, have never amounted to anything 
practical value. 
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TTertel has published the result of certain experiments made by him 
on the use of hypochlorous acid gas for the bleaching of cotton yarn. 
PJe obtained the fjas by dccom[)osing bleaching powder with dilute 
sulfuric acid, and the gas so evolved was allowed to react on the cotton 
yam, which ha.d previously been well scoured and washed, and was 
placed while still wet in a closed vessel in contact with the gas. The 
bleaching action is said to have proceeded \ery rapidly and effectively, 
but the process docs not appear to have met with any success on a large 
scale. 

4. Use of Liquid Chlorine. 

One of the chief methods employed at the present time for the prep- 
aration of sodium hypochlorite bleach liquors is by the use of liquid 
chlorine reacting with a solution of caustic soda or soda ash. The 
earliest method of preparing the hypochlorite bleach, in fact, was the 
solution of chlorine gas in caustic soda solution, the chlorine gas being 
obtained by the old process of the action of hydrochloric acid on 
niangancsc dioxide. The blcachicr himself in the old days prepared 
his own chlorine gas and made his own bleach liquor. The intro- 



Fic. 175. — Dia}.;ram of Li(iiiid Chlorine Installation for Prepaiation of Sotliiiin 
Hypochlorite Bleach Liquor. 


duction of bleaching powder, however, soon caused the chlorine gas 
process to fall into disuse, as the latter was more expensive (on ac- 
count of the manganese dioxide required) and was also a disagreeable 
process to conduct. The modern methods of preparing chlorine gas 
by electrolysis, however, have made it possible to readily obtain this 
gas in the liquefied form, which may he easily transported in steel 
cylinders, and thus furnishes a convenient and relatively cheap method 
of using chlorine for the preparation of hypochlorite bleach liquors. 
The liquefied chlorine gas is at present well known in trade and is 
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usually put up in heavy metal cylinders containing about 100 to 150 
lbs. of the gas, though at times larger cylinders containing 2000 lbs. 
are also used. Under these conditions the gas is held in the container 
as a liquid under a pressure of about 90 lbs. (at the ordinary tempera- 
ture of 70° F.). The container is provided with a suitable valve 
(usually of copper) which properly regulates the flow of the chlorine 
gas from the cylinder. As the chlorine in the container is absolutely 
dry it does not attack the metal of either the cylinder or the valve, but 
if moisture is allowed to enter the cylinder (by sucking back of the 
liquid, for example, into an exhausted cylinder still left connected with 
the solution) the metal parts will be rapidly corroded, so care must be 
had not to allow water to enter the chlorine container. 

Liquid chlorine is now manufactured on a very large scale l)oth in 
Europe and America by the electrolysis of a saturated solution of 
common salt. An electric current of low potential is employed and the 
salt is decomposed into sodium at the cathode and chlorine at the anode. 
Unless a special form of cell is used whereby the metallic sodium itself 
is produced, as fast as this metal is set free in the cell it reacts with 
water to form sodium hydroxide. The chlorine gas is drawn off from 
the anode and is carried through a series of processes for purifying 
and drying it, after which it is passed through compressing and refrig- 
erating machinery which converts it into the liquid form, in which 
state it is pumped into suitable containers for shipment. Chlorine gas 
in order to be liquefied must first be purified to a very high degree, con- 
sequently the liquid chlorine of commerce consists of practically chem- 
ically pure chlorine, its chemical analysis being about as follows: 

Percent 

Chlorine 99 ^~ 99-99 

Carbon dioxide •• • • 001 — 0.20 

Oxygen and air . . . 0.00 — o.io 

When employed for bbaebing purposes the chlorine is dissolved 
in an alkaline liquor (either caustic soda or soda ash) with the result- 
ant formation of a solution of sodium hypochlorite. When caustic 
soda is used for the solution the reaction is as follows: 

2 NaOH -f 2 Cl NaOCl + NaCl -f H,( 3 . 

In the preparation of this solution it should always be manta ined 
alkaline, that is to say, the caustic soda should always be in slight 
excess, as otherwise free hypochlorous acid would be formed in the 
solution which would make it ejuite unstable. The solution of chlorine 
in caustic soda also liberates considerable heat, and care must be taken 
not to allow the solution to become heated up to any extent (it should 
be kept below 80° F.). This is accomplished by either introducing 
the chlorine very slowly or by the use of ice or other methods of 
refrigeration. If the solution becomes hot there will be secondary 
reactions taking place, resulting in the formation of sodium chlorate: 

3 NaOCl rr 2 NaCl -f- NaC 10 « 
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and this considerably lowers the strength of the solution and decreases 
its bleaching efficiency. 

If excess of chlorine is added to the caustic soda solution free hy- 
pochloroiis acid will be formed and the solution will actually become 
acid in character. Under these conditions the solution acts with rapid- 
ity in bleaching, but, on the other hand, its stability is very low; that is 
to say, its strength in terms of available chlorine rapidly decreases on 
standing, and consequently there is a considerable loss of chlorine 
value. 

5. Preparation of Hypochlorite from Liquid Chlorine. 

In absorbing chlorine gas in a solution of caustic soda to full satura- 
tion of the alkali there would be required 40 parts of caustic soda 
(actual NaOli) for 35.5 parts of chlorine. Using commercial caustic 
soda would require about 125 lbs. for 100 lbs. of chlorine, which would 
allow for a slight excess of alkali in the solution. The use of too great 
an excess of alkali is not advisable, as this reduces the activity of the 
solution, and the bleaching takes place very slowly. Also the use of 
strongly alkaline bleach liquors is liable to cause stains on the cotton; 
it is also rather difficult to remove the excess of alkali from the fiber 
by washing and the use of considerable acid wash waters must be 
resorted to, and this is liable to introduce defects. The bad effect of 
the alkaline bleach liquor is especially noticeable when the saturated 
goods arc exposed to the air for any length of time, as this will nearly 
always cause the formation of brown alkali spots and the possible 
tendering of the goods. 

AcciJi'dn to the Deutsche Solvay Werkc (Ef/f/. Pat. 21,411 of 
1910), when ' iilorinc is dissolved in an alkaline liquor consisting of 
a mixture of caustic soda and soda ash, the gas first acts in accordance 
with the equation: 

2 NaOH + Cl, - NaOCI + NaCI -j- lt,0, 

When the whole of the caustic soda has been converted, the chlorine 
next attacks the carbonate in the following, manner : 

]\aT :03 + Cl, + 11,0 NaCl NallCX + HUCk 

The prot)or lions of hypoclilorous acid and sodium hypochlorite in the 
final liquor can therefore be varied at will by adjusting the relative 
quantities of caustic soda and soda ash. The yield of available chlorine 
m this wav is said to be much greater than when the chlorine gas is 
separately dissolved in the alkaline solutions and then the latter mixed, 
while the stability of the liquor (even when the proportion of free 
hypoclilorous acid is considerable) is much better than that of an elec- 
trolytic chemic. The following proportions arc recommended for the 
preparation of the sodium hypochlorite solution: 50 lbs. of chlorine 
are passed in slowly (in order to avoid strong heating) to 400 gallons 
of a solution containing 34,2 lbs. of caustic soda and 41.6 lbs. of soda 
ash, the liquor being well stirred during the operation. The chemic thus 
obtained contains 16.35 grams of available chlorine per liter, of which 
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6o percent is in the form of sodium liy[)Oclilorite and 40 percent as 
hypochlorous acid. 

The concentration of the caustic soda solution used for absorbing 
the chlorine gas has considerable bearing on the proper preparation of 
the liquor. If the solution is quite dilute the gas will absorb poorly 
and chlorine fumes will escape into the air, causing loss of gas and 


Wafer Connexion 



Fig. 176. — T^argc Scale Equipment for Liquid Chlorine Bleaching. 

also resulting in a very obnoxious and disagreeable condition for the 
workmen. A good strength of solution to employ is 400-500 gallons 
of water, 125 lbs. of caustic soda and 100 lbs. of chlorine. The use 
of very strong caustic liquors will cause the solution to heat up too 
much. In absorbing the chlorine gas it should be passed into the solu- 
tion through a lead pipe perforated at the bottom and the liquor should 
be contained in a deep narrow tank so as to allow the gas to pass 
through as much liquor as possible. If the layer of liquor is too shal- 
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low the gas will have to be run in very slowly in order to obtain good 
absorption. Special forms of absorbers may be used, such as porous 
filter stones which break up the gas into very fine globules, or better 
yet where compressed air is available, the chlorine gas may be mixed 
with air when introduced into the caustic liquor, and as this greatly 
increases the absorption surface the gas is dissolved quite rapidly and 
no excess fumes escape from the surface of the solution. The tower 
method of absorption may also be used, the chlorine gas being intro- 
duced at the bottom of a tower or column which is filled with coke, 
porous stone or cups through which the caustic soda solution passes. 
This method is especially suited where it is desired to continuously 
prepare a dilute solution of bleach liquor from a weak caustic liquor. 
This method may also be used advantageously for the preparation of 
dilute solutions of hypochlorous acid, cither using plain water as the 
absorbing medium or a very dilute solution of caustic soda and over- 
saturating with chlorine gas. Such liquors may be used at times in 
the bleaching of raw cotton or paper pulp in machines where it is 
desired to have a rapid bleaching effect and no alkali present. 

Instead of employing caustic soda for the preparation of the hypo- 
chlorite liquor, a solution of soda ash may be used. Under many 
circumstances this has certain advantages. When a solution of soda 
ash is used for absorbing the chlorine, the solution of the gas is rapid 
and complete ; there is no tendency for fumes to escape from the sur- 
face of the liquor due to incomplete absorption. Also the liquor does 
not beat up and therefore the gas may be passed into the solution much 
more rapidly than with the use of caustic soda, and no outside cooling 
is reqtiired. i'urtherniore, the solution does not contain any excess of 
caustic soda, cbi the other hand, a much larger proportion of alkali 
must be used in preparing this liquor owing to the fact that in the 
reaction between chlorine and sodium carbonate in addition to sodium 
hypochlorite there is also formed sodium bicarbonate, and the further 
action of chlorine on this would result in the formation of hypochlorous 
acid and the entire solution then becomes so unstable that it rapidly 
starts to decompose, often with such velocity as to effervesce violently. 
In order to obtain a solution of sufficient stability for bleaching pur- 
poses it is necessary to use 3-3/4 parts of soda ash to i part of chlorine. 
The reactions involved may be considered to be as follows: 

2 Na, CO., -f Cl + H ,0 rrr NaCI + NaOCl -f 2 NaHCO.. 

that is to say, 71 parts of chlorine will require 212 parts of actual 
sodium carbonate or i of chlorine to 3 of alkali, and in using com- 
mercial soda ash it is safer to use 3l4 to 3/4' parts of alkali. 

If the introduction of chlorine is continued hevond the point indi- 
cated by the above equation, the .sodium bicarbonate will be acted on 
with the formation of carbonic acid and hypochlorous acid: 

NaHCO, + Cl - NaCI + CO, ITOCI 
and apparently under the influence of the carbonic acid the hypochlo- 
rous acid breaks up into oxygen and hydrochloric acid, and the latter 
acid continues the reaction with increasing violence. 
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The reaction between soda ash and chlorine has been described as : 

Na 2 C 03 + Cl, + HoO = NaCl -f NallCO., + HOCl 

but according to this equation i part of chlorine would require only 
1/4 parts of soda ash, and under the ordinary conditions of tempera- 
ture and concentration of solutions, the present author lias never found 
it possible to prepare a hypochlorite liquor with those proportions, 
as the solution decomposes with much effervescence long before these 
proportions arc reached. In practice, where this form of hypochlorite 
solution is used for actual bleaching operations, the following pro- 
portions are used : 

400-500 j?alloiis water 
325-350 lbs. soda ash 
TOO lbs. chlorine 

It is also possible to use a mixture of caustic soda and soda ash for 
the purpose of absorbing the chlorine; a suitable proportion is: 

400-500 gallons water 
150-200 lbs. soda ash 
80 lbs. caustic soda 
TOO lbs. chlorine 

The sodium hypochlorite solution prepared with caustic soda is more 
stable than that with soda ash. The former if preserved in suitable 
tanks and not exposed unduly to light and air will lose its chlorine 
strength very slowly, whereas the strength of the latter will run down 
more rapidly. On this account when used in practice it is best to 
prepare the hypochlorite bleach just before using in order to obtain 
the full efficiency of the chlorine. The instability of the soda ash 
hypochlorite liquor is caused by the presence of the relatively large 
amount of sodium bicarbonate. 

The use of liquid chlorine in the preparation of sodium h\pochlo- 
rite bleach liquors has become very extensive in the United States 
during recent years. It appeals to the bleacher on account of its 
neatness and cleanliness of operation, its freedom from the many 
di«:agreeable features associated with the use of bleaching powder, 
and also by the fact that there is no bulky and obnoxious sludge to 
get rid of. The preparation of the bleach liquor is also under ready 
control and can be made up as needed to coordinate with the other 
processes of the bleaching operations. It also has the same advan- 
tages of the use of any form of sodium hypochlorite in that it is less 
injurious to fabrics, gives a .softer bleach free from lime compounds, 
and eliminates many of the objectionable features of the lime bleach. 

Owing to the wide use of li(|uid chlorine in bleaching, the properties 
of this substance and of the gas will be found of considerable interest. 
The gas is of a green i.sh yellow color and has a pungent and cha^rac- 
teri.stic odor. It is highly irritating to tlie mucous membranes of the 
eves, throat and nose, and produces extreme coughing and great in- 
flammation if allowed to act for any length of time or in any quantity. 
It also has a poisonous action on the system, and becomes very danger- 
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ous if inhaled into the lungs. A very small proportion of the gas 
mixed with air will make the conditions of breathing not only very 
disagreeable but also dangerous. The specific gravity of chlorine gas 
is 2.49 (air — i) and its atomic weight is 35.45. It is liquefied at o'' C. 
under a pressure of 6 atmospheres, and forms a clear yellow liquid with 
a specific gravity of 1.44. When confined within containers liquid 
chlorine will indicate a pressure (above that of the atmosphere) vary- 
ing with the temperature; at —33.6° C. ( — 28° F.) the pressure is 
zero, at 0° C. (32° P\) the pressure is about 37 lbs., at 10° C. (50® F.) 
the pressure is about 56 lbs., at 20'^ C. (68° F.) the pressure is about 
80 lbs., at 40° C. (104° F.) the pressure is about 220 lbs., and at 100° 
C. (212° F.) the pressure is nearly 600 lbs. per sq. in. 

The installation required for the preparation of sodium hypochlo- 
rite from liquid chlorine is comparatively simple. The cylinder or tank' 
containing the chlorine is placed on a platform scales, the valve is 
suitably connected with a lead pipe which passes into the alkaline solu- 
tion contained in a wooden or cement tank, the latter being preferable. 
It is wise to have the lead conduit i)ipc for the clVorine gas to rise 
in a bend to some height above the solution to prevent the liquid 
from being drawn up through the pipe when the flow of chlorine 
becomes exhausted. The chlorine gas is run into the alkaline solution 
until the desired weight of chlorine (as shown by the loss in weight 
on the scales) is used. Where cylinders containing 100 lbs. of chlorine 
are used and the entire amount is to be em])loved in one batch, the 
connections may he made, the valves opened and the gas allowed to run 
out all night into the alkali, so that the solution is all ready for use 
the following morning. As the different cylinders of chlorine, how- 
ever, will show quite some variation in the amount of gas they contain, 
when this method is used, it is best to first ascertain the quantity of 
chlorine in the cylinder and then make up the desired alkali solution 
on the basis of the proportions given in the foregoing pages. When 
the chlorine gas is run from the cylinder rather rapidly the latter will 
become chilled by the rapid evaporation and in a moist atmosphere ice 
will form on the outside of the container. This chilling will mate- 
rially reduce the rate of flow of the gas, which, however, may be 
increased if desired by standing the cylinder in a tub or tank of hot 
water. 

measuring device for feeding in anv definite quantity of chlorine 
gas to a solution has been constructed and adapted to the use of liquid 
chlorine in bleaching. By its use a very nice control may be had over 
the flow of the gas in the preparation of hypochlorite solutions (see 
Figure 177). 

The solntioti of sodium hypochlorite prepared from li(|iiid chlorine 
is employed in bleaching just as any other chcmic solution. If prep^ed 
in the manner as described above when used in comj)ari.son with solu- 
tions of bleaching powder it should be employed at about one-fialf the 
strength of the latter to obtain the same bleaching effect; that is to 
say, if the hleaching powder chcmic has been used at about 2° d'vv., 
corresponding to about 5.6 grams of available chlorine per liter, the 
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sodium hypochlorite solution should be used at a strength of about 
2.8 grams of available chlorine per liter. For most purposes cf bleach- 
ing it will require about i to 2 lbs. of liquid chlorine to bleach loo lbs. 
of cotton goods; raw stock will require about to lbs., and low 
grade underwear yarns may require as much as 3 lbs. 

6. Electrolytic Bleach Liquors. 

When an electric current of proper strength is passed through a 
solution of sodium chloride (common salt) a certain amount of sodium 
hypochlorite is formed.'^ A large excess of sodium chloride also re- 
mains in solution. Such a liquor has been employed quite successfully 
for bleaching. In theory the process of preparing solutions of hypo- 
chlorites electrolytically has always been inviting, and a great deal of 
experimental work has been done on the problem. A number of dilfer- 
ent chlorides have been used for electrolysis, such as sodium chloride, 
magnesium chloride, calcium chloride, and mixtures of these salts. 
Various types of electrolyzers have been devised with more or less 
success in the overcoming of certain obstacles in the way of economical 
o])eration.^‘ Jt ha^ generally been found in jiraclice, however, that the 
cost f)f electrolvtic hypochlorite li((Uors is alwavs greater than that 
anticipated by theory, there evidently being a great loss of electrical 
energy which cannot be utilized [iroperly in the bath.*' 

According to most experimenters tlie solution of In ))ochlorite of 
soda piaqiared electrolytically has a higher bleaching efficiency than 
a solution of chloride of lime containing an equivalent amount of 
available chlorine, d'he same observation, however, is also true of 
sodium hypix I Airite solutions prepared either by interaction of soda 
ash and bleaemng powder or by the action of chlorine gas (liquid 
chlorine) on solutions of caustic soda or soda ash. I'hc consensus 
of opinion seems to be that the sodium hypochlorite solutions are 
about twice as efficient as those of chloride of lime. 

When an electric current is passed through a solution of common 
salt the salt is decomposed into its elements or ‘‘ions,” thus: 

NaCl “ Na + Cl 

I be sodium is liberated at the cathode and the chlorine at the anode 
of the cell. ]f the cell is a sim])le one without a diaphragm to sejiarate 

^lliaiui 111 iS.^0 first slinwcd tliat cotton (loth could be hlcaclu il in an electioly/ed halt 
solution. It was not until 18S3. liowcvt^r, that this prociss was .seiimihly iiivcstij^atcd for the 
hiht tiiiic at till' University of Glasgow 

* Ah the eh c li oiiiot ive forie neccs.saiy to dcioinposc sodium chloiidc is 4 2 volts, and 
under this ttnsiou one aiiipeie diseiigaKCS in one hour 13.31 pins, of thloritie or 0420 liter 
of gaseouh chlorine, there ih theoi etii ally requiied one hoise-powei to lilieiate in one hour 
■23-92 gins of (hlorine oi 73 5 litiis. In praetue, however, this ilieoretiLal lesnlt can uevci 
he re.aeliid, owing to many hide coiisideiatioiis 

"'Ihe pniuipal souii’e of waste in the current is piohahlj due to the n'duetion of the 
hypoc hloi iti s at the i.ithode. According to a recent Geinian jiateiit. this waste 111. ly he 
avoided to a pi e.it extent hy using salts of alkalies and alkahiu earths together (sodium 
and mapiUMum (hlornhs) and .iddmg an alkaline solution ol losm to the eUetiolvti Tlie 
following exami»Ie is given foi the eleitroljtc’ 14 liters of a 10 peicint solution of loinniou 
salt (oiilaining 40 gms. of calcium chloiide, 30 gins of linic, .ind 50 cc. of a concentrateci 
solution of rosiii 111 soda ash 1'his mixture is electroly/cd with a luirciit of 125 amix-res, and 
the yield in i hour is said to he 9 gms of active chlorine per litir The rate of pioduetion 
of the (hlonne then falls oil to 17 gins in 2 hnnis, 23 gms in 3 honis, 28 gms. in 4 hours 
and 33 ^ gms. in 0 hours. 
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the two electrodes, secondary reactions immediately take place. The 
sodium reacts with the surrounding water forming caustic soda and 
liberating hydrogen gas : 

Na + H,0 == NaOII + H 



The chlorine next reacts with the caustic soda forming sodium hypo- 
chlorite, sodium chloride, and water 

CL + 2 NaOPl = NaOCl + NaCl + H/) 

The final result of the electrolysis, therefore, is that hydrogen gas is 
liberated at the cathode and sodium hypochlorite is found in the solu- 
tion. The electrolytic bleach liquor, therefore, consists of a mixed- 
solution of sodium hypochlorite and common salt. 

’ In the practical operation of the electrolytic cell there is always some chlorine liberated, 
consequently, the electrolytic bleach liquor produced is always slightly alkaline. 
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Besides the reactions above indicated there arc also some other 
more complicated ones taking place in the cell during its operation. In 
the first place the liberated hydrogen acts on the hypochlorite in some 
degree, forming common salt and water: 

NaOCl -i- II, == NaC'l + 11/) 

In the second place, the current acts on some of the sodium hypo- 
chlorite as it accumulates in solution, causing an electrolysis of this 
salt in the same manner as with the common salt, breaking it up into 
the following ions: 

Na O Cl ~ Na + O Cl 

The latter ion, being discharged at the anode, reacts with the sur- 
rounding water in two ways, forming hypochlorous and chloric acids: 

2 OCI -hII/)-2lI0Cl + 0 
6 0 Cl + 3 II 2 O := 2 Cl O 3 + 4 Cl + ()] H- 3 O 

Consequently there is a mixture of oxygen, hydrogen, and chlorine 
liberated at the anode. Some of the hydrogen will combine with the 
chlorine forming hydrochloric acid, while the oxygen escapes. A third 
secondary reaction is oxidation of some of the hypochlorite to chlorate, 
as follows: 

Na O Cl 2 no Cl Na Cl O., -f 11 Cl 

Furthermore, the hydrochloric acid formed in this reaction, as well 
as in the preceding one, reacts with the hypochlorite, converting it 
back to common salt, as follows: 

NaClO + riCl-r NaCl -hllOCd 

At the anode the freshly liberated chlorine before it has had an oppor- 
tunity to comhine with the caustic soda from the other pole will react 
to some extent with the surrounding water, giving hydrochloric acid 
and oxygen: 

Cl, + 11,0:^3 2 I ICl - 1 0 

As already shown above, both the hydrochloric acid and the oxygen 
cause secondary reactions again to take place. 

7. Conditions of Electrolysis. 

A number of conditions influence these reactions, among which are 
the temperature of the solution and the current density. The alka- 
linity of the liquor is also an important factor.® In general practice 
electrolytic hypochlorite liquors are nearly always slightly alkaline, 
caused by the fact that a portion of the chlorine hTerated at the anode 
is used up in secondary reactions or escapes into the air; this leaves 
a part of the caustic soda unneutralized in the solution. The more 
alkaline the solution becomes the greater will be its stability and the 
less rapid its bleaching action. 

® Accoulinp to Alilin {Popin-Zcit , io( p S34). file alkalinity of electrolytic bleach 
liquors should ho siu li (Itat 1000 cc of (he solution when rcddcncrl with phcnolphthalein is 
decolorized by (he addition of 2 dinps of norn1.1l acid. Ik'fore being employed for bleaching 
the alkalinity should be neutralized. 
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Another disturbing factor in the operation of the hypochlorite cell 
is the rise in temperature of the solution caused by the heat generated 
by the passage of the electric current. This heat not only represents 
loss of energy or current but also causes a complication in the secon- 
dary chemical reactions. High temperatures, for instance, favor the 
direct formation of chlorates in the reaction of chlorine on caustic 



Fig. 179. — Diagram Showing Arrangement of Octtel l^lcctroly/cr. 

soda.® Imperfect circulation of the liquor in the electrolyzer also 
favors the formation of chlorates. In some forms of electrolyzers the 
temperature is kept down by cooling with a coil of pipe through which 
cold water is kept circulating. Excessive cooling, however, should 
be avoided as this reduces the conductivity of the electrolyte; the best 
temperature to maintain is between 95-100° Fahr. 

•The direct formation of chlorate may be represented by: 

NaCl + 3 H:iO m NaClOa + 3 Ha 
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The current density also affects the secondary reactions taking 
place ; a high current density at the cathode lessens the amount of re- 
duction taking place. (Generally high current density at both electrodes 
is favored for most efficient operation, as low current density at the 
anode tends to increase the formation of chlorates. 

The conccntralion of h3’pochlorite in the solution also affects the 
operation of the cell.^*^ As a rule, the amount of reduction increases 
with the concentration of the hypochlorite, and finally a condition of 
equilibrium is reached where the hypochlorite is decomposed as fast 
as it is formed, ddic most economical concentration of hypochlorite 
to be employed varies with the type of cell under consideration. For 
the ITaas-Octtel type of continuous cell, the concentration is about 
4-5 grams of available chlorine per liter; in other types a concentration 
of 20-35 gi'auis per liter may be used. 

The nature of the salt used in the preparation of the ehx'trolyte also 
has considerable influence on the oiicration of the cell. Crude salt will 
contain calcium, magnesium and iron compounds, d'hese will be de- 
composed by the current and deposited on the electrodes, and this 
results in a number of conqilications. The resistance of the cell may 
be increased and the amount of reduction in the cell is also increased. 

The coiiccMitration of the salt in the solution also nilluences the 
degree of dissociation of the sodium chloride in the electrolyte. A 
10 percent solution of NaCl is dissociated to the extent of (k) per- 
cent into the ions Na and (1 respectively; a 5 percent solution is dis- 
sociated 69 percent, while a i percent solution is dissociatial 81 ])er 
cent. 

8. Cells for Electrolytic Hypochlorite Liquor. 

(hie of the earliest tyjics ol cells adapted to the production of elec- 
trolytic hypochlorite liquors for bleaching purposes was that of T Ter- 
mite. This cell used magnesium chloride as the clectrol)te instead of 
common salt, for it was thought that magnesium hypochlorite was 
more rajiid and efticient in its bleaching action. Owing to the relatively 
high cost of magnesium chloride, however, Ilermite soon used a mix- 
ture of this salt with sodium chloride, as this was adopted for the fur- 
ther rea.son that the latter salt increases the conductivity of the solu- 
tion." 

The following abstract from Hermite’s jialent describes the ar- 
rangement of the electrodes in his apparatus for the ])roduction of 
electrolytic bleaching liipiors. d he magnesium or calcium chloride, or 
other .suitable solution, is submitted to the action of an electric current 
in a tank divided into two jiarts by a perforated partitioiy, contained 
in the tank are the electrodes, preferably of zinc and platinum, and a 
screw propeller, which, by rev'olving, maintains a constant circulation 

Allhnnuli ratlur conrentratod solutions of common s.ilt aio cmplo.>rd .as electrolytes it 
is not possible to convert more than a small fraction of the sodium chloride into hpiochloi ite, 
for as the conccnti .ilion of the latter rises, it is itself electrolyzed and reduced at the catliode. 

’’The fnllouiiiK are his jiropui lions' w.nter, looo parts, sodium chloride. 50 parts, 
niafsMiesnim chloride, 5 pait.s. ilermite states that with his app.ir.itus a motive power ot ten 
hoi sepow c r can pioducc in 24 hours the cQuivalent of 100 kilos of chloride of lime at a cost 
of about $104 with use of hydraulic powci , nr ahoiil $200 with sle.uii power 
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of the solution. The electrodes are so placed relatively to the open- 
ings in the partition that the solution in its circulation always comes 
in contact with these electrodes. The positive electrode is made up 
of thin plates of platinum cast into a suitable support at the top; by 
means of a mechanical device knives are kept constantly moving up 
and down over the surface of the zinc, to prevent any deposit accumu- 
lating thereon. 

In an experimental study of the Hermite electrolytic method of 
bleaching, Cross and Bevan have come to the opinion that the most 
advantageous solution to employ for the electrolyte is one containing 
2.5 percent of anhydrous magnesium chloride, MgClg. Experiment 
demonstrated that the mean yield of available chlorine per ampere 
hour was 1.47 grams, whereas the equivalent calculated in accordance 
with the electrolytic law would be only 1.34 grams. This discrepancy 
is no doubt due to secondary reactions occurring around the electrodes. 
In order to express this result in terms of mechanical work (employ- 
ing an electromotive force of 5 volts), we would have 1.47 grams of 
chlorine as equivalent to 5 watts. To produce 100 kilos, of available 
chlorine would therefore consume 344,000 watts ; and taking 600 watts 
at the dynamo as representing one effective horse-power, it would re- 
quire 570 h.p. to produce 100 kilos, of chlorine per hour. The effi- 
ciency of electrolytic chlorine appears to be greater than that of the 
available chlorine of bleaching powder; in fact. Cross and Bevan, from 
experiments on the actual bleaching of linen yarn, conclude that elec- 
trolytic chlorine has about twice the bleaching efficiency of the chlorine 
in bleaching powder. Taking all these facts into consideration, the 
above chemists arrive at the conclusion that expressed in its equiva- 
lent per ton of bleaching powder, electrolytic chlorine would cost 
about $12.50.^* 

These results of Cross and Bevan, however, have been severely 
criticised by several chemists, and Ilurter carried out an extensive 
series of experiments to determine if any reliance could be placed on 
the work of Cross and Bevan, By very careful work Hurter has shown 
that the high current efficiency ( 100 percent of the theoretical) obtained 
by Cross and Bevan was entirely illusory and that the real current effi- 
ciency was much lower; being in fact only about 20 percent of the 

Soc. Client. Ind., 1887. p. 172. 

’• According to the experiments of Saget, Hermite’s electrolytic bleaching liquor, con- 
taining only 0.3 gni. of available chlorine per liter vives a very pure white, whercis wCh 
bleaching powder, double this concentration is necessary to give the same effect. Accord- 
ing to the experiments of Beadle (Chent. News, 1897, p. 74), the efficiency of the chlorine in 
the Hermite electrolytic bleaching liquor compared with that of the clilorine in ordinary 
bleaching powder is about 5 to 3; and furthermore, the Hermite solution bleaches in ^0 
minutes to the same degree as bleaching powder solutions of the same strength would do in 
3 hours. T . 

For the cost of bleaching elcctrolytieally, sec Faerher-Zeitun^, 1904, p. 69. It is said that 
500 kilos, of goods can be bleached in the usual manner with 2000 liters of bleaching powder 
solution containing 25 to 27 gms. of available thlonne per liter By Scliuckert’s system 
and apparatus for electrolytic bleaching this amount of chlorine can be produced by the 
electrolysis of a 10 percent solution of sodium chloride, giving a liquor containing 20 gms. of 
available chlorine per liter This requires 29 kilos of vilt, and the power necessary is 41 
amperes at no volts for 8 to 9 hours, or 396 kilowatt hours: there would also be required 2 
liters of sulfuric acid. Taking all this into consideration at the prices prevailing in Germany, 
(1912) it is claimed that the total cost compares favorably with that of 2000 liters of 
bleach solution of to degrees Beaumi, or 42 kilos, of 32 percent bleaching powder, 
and 10 liters of sulfuric acicl required for the same quantity of goods by the usual process. 

'*Jour. Soc. Cliem. Ind., 1887, p. 337. 



‘ THE BLEACHING OF COTTON 


359 


theoretical. As to the higher bleaching efficiency of the chlorine (or 
chlorine compounds) in the electrolytic liquor, as claimed by Cross 
and Bevan, this has likewise been disputed. Hurter claimed that the 
incongruities existing in the experiments of different chemists on this 
subject are due to the fact that in the electrolysis of a solution of mag- 
nesium chloride, a considerable amount of magnesium chlorate and 
perchlorate are formed, both of which bodies arc useless for purposes 
of bleaching. Cross and Bevan, however, have shown by carefully 



Fig. i<So. — Small EU'ctrofftic Cell ^^lIcll Used in Laundries. 

conducted experiments that in the Hermile bleaching cell no magnesium 
jierclilorate whatever is formed. They establish the fact that an elec- 
trolyzed solution of magnesium chloride of an equal oxidizing strength 
as shown by the alkaline arsenious acid test, possesses a greater 
bleaching efficiency than one of calcium hypochlorite in the proportion 
of three to live; and the e.xplanation given for this peculiar fact, which 
seems at variance with the usually accepted laws of electrolysis, is due 
to complicated secondary electrolytic reactions which give rise to a 
peroxidized compound of magnesium, and this latter body aids in the 
actual bleaching operation together with the chlorine. 

g. Modern Types of Cells for Bleacheries. 

There are two chief forms of electrolyzers at present in use for the 
preparation of bleach liquors; the one is known as the Kellner, and 
the other as the Oettel apparatus. In Kellner’s apparatus the elec- 
trodes consist of platinum-iridium alloy, whereas with OetteFs 
apparatus the electrodes are carbon plates. The cells .themselves con- 
sist of oblong tanks of vitrified porcelain which is not acted on by 
the chlorine or hypochlorite liquors. In this country there are a large 
number of cells of the Oettel type in use in laundries and small knit- 
goods mills, where they arc worked with much satisfaction for the 
production of hypochlorite liquors on a small scale. Tests of this 
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apparatus have been made in large bleacherics, but it has always been 
found that the cost is prohibitive. 

The Oettel electrol}zer is made in two forms; in the one a con- 
centrated solution of byjiocblorite is i)repared containing about 14 
grams of available chlorine per liter, while in the other a solution of 
hypochlorite containing about 4 grams of available chlorine per liter 
is produced in a continuous manner. This latter type is one now prin- 
cipally employed in small laundries and mills. 1 he ( )cttel cell consists 
of a stoneware vat containing carbon electrodes with glass slips on 
the lower and upper edges. The cell proper is contained in a larger 
stoneware tank. This latter is hllcd with the salt solution to within 
4 inches of the top. The cell is perforated at top and bottom in the 



Fir,. r8i — Electrolyzer for Bleach T.i([nor. 


sides which establishes a communication between each chamber formed 
by the electrodes and the outside solution. Circulation of the liquor 
through the cell is brought about by the liberated hydnjgcii lifting the 
lifjuor in the electrolyzer so thi'it it flows out through the top holes into 
the outer tank. This causes fresh li(|nor to enter the electrolyzer 
through the bottom holes. Tn the older form where a concentrated 
li(|nor was produced the temperature of the licinor w'as kept down to 
Fahr by cooling in the outer tank w'ith a coil of pipe with cold 
u^ater circulation. In this cell a 15 j)ercent salt solution is used, with 
a continuous current of tio volts and 75 to 80 amperes. In 10 hours 
running this will jiroduce 750 gallons of hypochlorite liquor of 14 
grams of available chlorine per liter. The power consumed is 88 
kdlowatt hours for 23 lbs. of available chlorine, or 3.83 kilowatt hours 
per lb. of chlorine, ddiere is also a consumption of 12 lbs. of salt per 
lb. of chlorine. The cost of the chlorine therefore depends on the cost 
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of the electrical power and the salt. To this must also he added the 
depreciation of the electrodes; it is claimed that a set of electrodes 
will last about 12 months. 

In the continuous type of Octtel apparatus the cell is smaller and 
the cooliii" coil is dispenscil with as the cool brine solution is slowly 
running into the electrolyzer while the hypochlorite li(iuor (containing 
about 4 grains of availalde chlorine per liter) is continually flowing 
out. This aids the circulation of the 1 i(|Uor through the cell and also 
keeps it cooled to about 95"^ Fahr. This cell also runs with 110 volt 
direct current at about 40 amperes. Observation b\ the author of an 
installation of these cells in actual working practice gave the follow- 
ing data: 


No. of cells used . . 4 

Voltage of current . . . no 

Current strength amperes . . . 160 

Gallons of hypochlorite lupior. . .joo 

Strength of licpior in grams per liter .... . .^55 

'rime of electrolyzing in hours ... . 25 

Salt used in lbs .2(0 


The power tised therefore was: 

0. [60 X 1 10 X 2 5 -- 11 KWl 1 

d'he quantity of chlorine produced was 11.6 lbs. The cost of electrical 
power was 2' j cts. per KWIl ; the cost of '^all was $400 per ton (of 
good quality). Therefore, the follow’ing cost figures result: 


Power . :lt KWH Uo 2 ] A- ==110 

Salt . . . ... . 200 lbs (( 1 ) 0.2 — 40 


T r 6 lbs. chlorine - - 156 
<*r i 11) chlorine = 14 4'‘ 

In this [larticular instance, the deterioration of cells waas $60.00 per 
year for production of about 7000 lbs. of chlorine per year. Hence, 
an item for depreciation of 0.85 ct. must he added to the abose cost 
hgure, making the total co.st ])er lb. of chlorine as about 14.2s cts. 'fin’s 
probably rcpre.scnts a fair estimate for this jirocess of producing elec- 
trolytic bleach liquor in small installations. 

10. Factors in Operation of Electrolytic Cells. 

In the consideration of forms of apparatus for the electrolytic prep- 
aration of bleach liquors the following factors dmuld be compared: 

(a) /I mount of salt required per pound of "aetwe" chlorine pro- 
duced. It must be remembered that tlic greater [)art of the salt con- 
sumed does not take any part in the chemical decomposition brought 
about by the electrolysis, and only .serves the purpose of acting as a 
conductor for the current, though it also aids in the cfticiency of the 
cell by preventing improper reactions at the anode. The higher the 
salt concentration the less will be the power required per pound of 
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electrolytic chlorine. For a bleach liquor free from any excess of salt 
there would be required theoretically 0.82 lb. of salt per lb. of “active” 
chlorine, but in the best apparatus there will be required at least 3 lbs. 
of salt per lb. of chlorine, and in practice with different forms of 
apparatus the salt consumption per lb. of “active” chlorine varies from 
3 lbs. to 15 Ibs.^® 

(b) Po 7 i^cr consumption per pound of ^'active” chlorine. "Phis 
varies considerably with different types of apparatus and the form of 
their construction, there bein" indeterminate losses through secondary 
reactions. It is also dependent on the salt concentration of the elec- 
trolyte. The theoretical figure for power consumption is never reached 
in practice, this figure being 0.57 kilowatt hours per pound of “active” 
chlorine. As the higher the salt concentration the lower is the power 
consumption, it will be a matter of adjusting these two factors with a 
consideration of their relative costs in order to obtain the most eco- 
nomical conditions for opefation. The following table worked out by 
W. Eb for the Siemens & Halske system of electrolyzer shows some 
interesting comparisons with regard to power consumption for different 
conditions of operation : 


Salt used in loo liters 
solution 

10 kilos. 

12 kilos. 

IS kilos. 

Required for i kilo, of 
active chlorine 

kilo- 

watt 

hours 

horse 

power 

liours 

kilos 

of 

salt 

kilo- 

watt 

hours 

horse 

power 

hours 

kilos 

of 

salt 

kilo- 

watt 

hours 

horse 

power 

hours 

kilos 

of 

salt 

For a bleach liquor con 










centration of- 










15 Rms. active chlorine 










per liter 

5.65 

8<; 

667 

5 46 

8 2 

8 00 

29 

7 9 

10 00 

20 ffms. do 

6 1 1 

9 -2 

5 00 

s 81 

87 

6 00 

5 

8 1 

7 so 

2S gms do 

6 72 

10 1 

4,00 

6 27 

9 4 

4 80 

S 88 

8 8 

6 00 

30 gms, do 

3 S gms. do 

7 79. 
10 07 

II . 7 

15. 1 

3 

2 86 

6 98 
8.20 

10 5 

4.00 

6 38 

7.14 

9 6 

10 7 

5 00 
4 28 


I- 3 

3-43 


The kilowatt hour was assumed to be equal to 1.5 horsepower hour, 
and the power consumption was on a basis of a potential of 6 volts. 

(c) Yield of chlorine hi a definite time. Dej)en(ling on require- 
ments in this respect the size of the apparatus is varied. Also considera- 
tion must be had as to whether a continuous production of dilute bleach 
liquor is required simultaneous with the bleaching operations, or if it is 
desired to produce a strong stock bleach liquor which may be suitably 
stored and diluted when required for use. In this connection, how- 
ever, it must be borne in mind that electrolytic bleach liquors are not 
very stable as prepared, and if such liquors are prepared in concen- 
trated form and stored, a small amount of caustic soda should be added 
to the liquor to give it greater stability. 

(d) Concentration of the electrolytic bleach liquor. A high chlorine 
strength is generally desirable, so that the bleach liquor may be suitably 

In some countries, as in Germany, where edible salt is taxed, it is customarj^ to 
dfn.iture salt for tcehnical use by the addition of petroleum, soda ash, soap, methyl violet, 
hleachinj? powder, etc. The most usual product employed for electrolysis is rock-salt dena- 
tured with percent of petroleum. 
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diluted as occasion demands. Also it is to be noted that a low content 
of bleaching chlorine necessitates a high salt concentration, whereas 
with a high chlorine content the relative salt concentration for the same 
strength of actual bleach liquor is much lowqr. The chlorine con- 
centration, however, reaches a practical maximum, depending on power- 
consumption, stability of liquor and extent of secondary reactions. 
When the chlorine concentration becomes too high, further electrolysis 
produces decomposition resulting in the formation of chlorates or the 
liberation of oxygen, and the efficiency of the cell rapidly runs down. 
In this connection Nussbaum and Ebert give the following tabulated 
results from the operations of a Siemens & Halske electrolyzer : 









I kilo, active 


Duration 



Grams ac- 
tive chlo- 
rine per 
liter 

Kilos, of 
ac tive 

Kilos. 

Effi- 

ihlorinc requires 

I kilo 

of elec- 
trolysis) 
m hours 

Ani]>ere3 




of chlo- 
rine costs 
(pfg ) 

Volts 

chlorine 

pro- 

vlnced 

per 

hour 

ciency 

percent 

Kilo- 

watt 

hours 

Kilos 

salt 

0 

I JO 

1 10 

(0 f.) 


(3 7) 

(lOO) 

(4.2) 


46.0 

I 

120 

120 

10 0 

3 01 

3 01 

94 9 

4.6 

18 4 

2 

1 1 8 

118 

18 I 

t; 60 

j 80 

88 6 

5.0 

9.9 

29.7 

3 

1 18 

118 

-’5 3 

7 9<» 

j 03 

83 7 

5 3 

7.0 

24 6 

4 

117 

119 

31.6 

9 92 

2 18 

79 I 

5 6 

5-6 

22 4 

S 

I If) 

120 

37 0 

1 1 f>S 

2 33 

74-5 

6.0 

4.7 

21.5 

6 

118 

f JO 

41 f) 

n I J 

J ig 

70.1 

6 4 

4 2 

21 2 

7 

115 

1 ig 

43 3 

14 3" 

- «4 

03 6 

6 8 

3 9 

21.4 

8 

it; 

I JO 

,Ho 

13 17 

I ()0 

61.0 

7 4 

3.6 

22.0 

9 

1 16 

I JO 

49 8 

13 74 

• 73 

56 3 

8.0 

3 5 

23.0 


The apparatus had been in previous use which accounts for the small 
quantity of ch’orinc in the fresh li(juor. The theoretical amount of 
chlorine produce per hour was 3.12 kilos., and the ratio of the total 
quantity of chlorine produced to that required by theory is 15.74: 
28.08, or a current efficiency of 56 percent. In most cases in practice 
and depending on (he type of apparatus used (he best chlorine concen- 
tration of the bleach liquor is 5 to 30 gms. per liter. 

( e) Cost of iiisf allot ion of the clcctyolv::cr and the snbsidiarv equip- 
ment. Some forms of cells require platinum electrodes which at tlie 
present time are exceedingly costly and almost prohibitive in comparison 
with carbon electrodes wliich are used in other types of cells. On this 
account, the latter form of cell is almost entirely used at the present 
time. The cost of upkeep and depreciation must also be considered. 
It is highly desirable that the apparatus be “fool-proof” and its various 
parts must be capable of resisting the chemical action of chlorine and 
salt solutions, so special materials have frequently to be used in the 
construction, and these must be sturdy and durable. 

(f) Stability of the electrolytic bleach liquor. As already ])ointed 
out the bleach solution coming from the cell is not very stable in char- 
acter. The stability, however, varies with the chlorine content, the 
salt concentration, the temperature and the alkalinity of the solution. 
As ordinarily prepared, electrolytic bleach liquors will lose from 30 

50 percent of their “active” chlorine on standing overnight. The 
content of free hypochlorous acid in the liquor materially afTects its 
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stability ; on this account electrolytic bleach liquors are generally less 
stable in character than those prepared from liquid chlorine dissolved 
in alkaline solutions as in the latter case there is usually sudicient free 
alkali always present to avoid the formation of free hypochlorous acid. 
In case electrolytic bleach liquors are so kept (as stock solutions) for 
any length of time it will he necessary to add to them some caustic soda 
in order to maintain the li(|uid in a dclinite condition of alkalinity, ihc 
effect of the alkali on the keeping qualities of bleach licpiors is shown 
in the following table of tests: 


5LX) c.c. Electrolytic ITlcach 

Acidity 
Gins IlOCl 

after : 

Liquor 






per liter 

Fresh 

2 hrs. 

1 day 

3 da>s 

8 days 

No added alkali 

r 86(> 


19.8 

1 1.9 

3.i« 

2.38 

1. 12 

2.S c.c. caustic soda (i .10) 

T 326 

■ 2 

1 9.6 

14.8 

3.95 

1.98 

I 02 

5.0 “ 

0.775 

u- 

19-5 

174 

<S5 

3 ^<8 

082 

100 “ “ “ “ 

0 392 


19.3 

19. 1 

19.0 

18.4 

174 

15.0 “ 

I 095 

k 

ig.o 

18.8 

1*^.7 

t 8.3 

iS.i 

20.0 “ “ “ “ 

2 . 7 (/)\ 

1 S 

T89 

t 8.7 

186 

18 I 

170 


Probably the most common form of electrolyzer in use in this coun- 
try in the small textile hleacheries and laundries is that patterned after 
the Haas & Octtcl type. The bleach li(|uor is prepared continuously, 
the fresh salt solution running into the cell and the corresponding 
amount of bleach liquor running out. The li(iuor so prepared seldom 
has a chlorine content of over 4 gms. per liter, and of course the salt 
concentration is rather high. When operating under proper conditions 
the li(jUor is practically neutral and its stability is low. It is generally 
the practice in this ca^e to use thj li(|Uor for bleaching as fast as it is 
formed and then it is not necessary to add any caustic soda to it. If 
it becomes necessary, however, to hold the li(iuor over for any length 
of time a small addition of caustic soda solutuin should be made, ‘‘’tdli- 
cient at lea^t to gi\e it a pronounced alkaline reaction with litmus. 1 he 
use of excessive alkali, however, is to be avoided, as this slows down 
the bleaching activitv of the solution. 

A form of electrolytic bleach cell popular in Germany is the 
Schuckert cell (Siemens & Ilalske). This cell, however, rcciuires a 
platinum-iridium anode and graphite cathode. It gives a liquor of high 
chlorine content of 15 to 30 gms. per liter, and it is possible to produce 
a liquor having as high as 50 gms. of active chlorine per liter. The 
Schuckert cell, however, has a rather high efficiency, the power con- 
sumption per kilo of active chlorine being 5.5 to 7.5 kilowatt hours, 
and the salt consum])tion being 4.5 to TO kilos. 

Higgins gives an interesting comparison of electrolytic bleach 
liquors with those of chloride of lime and .sodium hypochlorite. It was 
found that the clectro-chemic was always alkaline, as in fact must be 
the case, for there is always a .slight loss of chlorine in the cell due to 
the lack of perfect circulation and the conseciuent complete combination 

Jour. Soc. Chem. Ind., p 185. 
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of all the chlorine with the caubiic soda formed. The better the circu- 
lation the less the alkalinity and the more active the elect ro-chemic. 
The following solutions were prepared: (i) Klectro-chemic hy elec- 
trolyzing a solution of 220 lbs. of salt in 186 gallons of water for 8 
hours at a temperature of 20 '’C\ with a current of 50 amps, and no 
volts; (2) bleaching powder solution carefully prepared with a gravity 
of 1.08; (3) from this was also made the sodium hypochlorite solution 
hy adding soda ash solution to complete precipitation. As to the 
stability of these three liquors when exposed to the air, it was found 
that they were ])ractically identical over a series of tests, ranging from 
3 liotirs to 120 hours. It has often been claimed that agitation will 
decompose the clectro-chcmic, but on severely agitating all three liquors 
in flasks for several hours there was no evidence of appreciable decom- 
position in any of them. To lest the bleaching effect brown linen 
cloth was used and the li(juors were titrated for content of active chlorine 
from time to time; the results showed that there was practically no 
difference between the rates of bleaching of the three lic|Uors, the bleach- 
ing ])owdcr solution bleaching as rapidly as the clectro-chemic. After 
bleaching the strength of the cloth was tested and there was no ai)pre- 
ciable difference between the three. During bleaching the liquors be- 
came milky in all cases to about the same degree, and acid was used to 
clear the cloth in all cases, and after bleaching the three samples of 
cloth were of approximately the same color and could not be distin- 
guished from each other, d'he elect ro-chemic, as well as the other 
chlorine solutions, were found to be diflicult to wash out from the 
cloth. On testing the stability of the bleach liquors when acidified 
there was practaally no difference to be observed in the three cases. 
As to the rate 01 bleaching of the acidified liquors it was found that 
the bleaching effect was similar, and that the sodium hypochlorite 
bleached as rapidly as the clectro-chemic, the bleaching jiowder solution 
being only a httle slower in action. The addition of a relatively large 
amount of common salt (120 grams per liter and cijual to that present 
in the electro-chcmic) to the sodium hypochlorite solution only slightly 
decreases its stability and increases its bleaching effect; the addition 
of caustic soda increases the stability and decreases the rate of bleach- 
ing. All three of the original chemic solutions had a greenish color 
which was about the same in all cases; the additi(ui of acid intensified 
this color and made the stability less, while caustic soda took most of 
the color away and increased the stability. In comparing the properties 
and efficiency of the different bleaching liquors it is important that they 
all possess the same degree of alkalinity, otherwise the comparison is 
worthless. Sodium hypochlorite in practice is nearly always in a rather 
liighly alkaline stale, and dilute bleaching powder liquors are more 
alkaline (contain more dissolved lime) than concentrated liquors. 

n. Effect of Hypochlorite Bleaching on Cotton. 

In the bleaching of cotton, the fiber is subjected to the action of 
strong chemicals, therefore, it is interesting to know if the strength of 
the fiber is seriously affected by the various bleaching operations. 
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Schciirer has investigated this matter, and has found that when cotton 
is heated with water under pressure to i5o°C. no tendering effect is to 
be observed, even though the action is continued for 8 hours. At 
temperatures above i6o"C., however, the tendering action of water 
becomes well marked and considerable. Heated in contact with the 
air for i hour at i7o°C., the cotton did not appear to become weakened; 
this fact is interesting in view of the operation of singeing which cotton 
cloth generally undergoes before bleaching. Ilaeblcr gives the follow- 
ing tests on the strength of cotton cloth after the various bleaching 
operations : 


Stage of bleaching r.rcakiiig strain in kilos. 

Unsized cloth . . 4.656 

Singed ^ . . . . 5.206 

Boiled in lime and washed ... 46KJ4 

Soured with hydrochloric acid and washed. ... 4.664 

Boiled in soda and washed 4-799 

Treated w’th chlorine and washed . 5^04 

Soured with sulfuric acid and washed 5 345 

Dressed 6.423 


Cross and llevan from a series of experiments on the lileaclhng of 
vegetable fibers have arrived at the following conclusions: 

(l) Bleaching by means of hypochlorites is attended with the 
chlorination of the tiher constituents. (2) The chlorination is much 
less where magnesium hyiiochlorite is UM'd, and still less where solutions 
prepared by the electrolysis of magnesium chloride arc employed. (3) 
The evidences of chlorination are that a portion of the chlorine m 
the bleaching solution is not converted into the chloride, and organic 
chlorides are found to be present in the washed material. (4) 'fhe cause 
of chlorination probably lies in the presence of kctonic oxygen in the 
non-cellulose constituents of the fiber. 



Chapter XIX. 

The Bleaching of Cotton (Cant.). 

I. Bleaching with Permanganate. 

As already mentioned under the bleaching of wool, potassium 
permanganate is a powerful oxidizing and bleaching agent, and it may 
he used fur bleaching cotton in a manner similar to that employed 
for wool. The cotton is steeped in a cold dilute bath of potassium 
permanganate containing a small quantity of sulfuric acid. The per- 
manganate gives up its oxygen and becomes thereby reduced to a 
hydrated oxide of manganese which is precipitated on the fiber as a 
dark brown deposit. To remove this brown compound of manganese 
it is necessary to rinse the cotton in water and then pass into a fresh 
bath consisting of a dilute solution of sodium bisulfite. A bath of oxalic 
acid may also be employed for the same purpose. 

Alkaline solutions of permanganate should not be used with cotton, 
as the fiber will be rapidly disintegrated through the formation of 
oxycellulose ; on this account slightly acid solutions are employed. 

To bleach loo lbs. of cotton prepare a bath containing 9 oz. of 
potassium permanganate and 7 oz. of sulfuric acid. Steep the material 
in this bath foi 15 minutes at about 60 to 70° Fahr. Then squeeze 
and rinse in fre^h water, and pass into a second bath containing ii oz. 
of sodium bisulfite liquor of 38° Be. 

According to Manzoni, cotton may be very efficiently bleached with 
potassium permanganate in the following maimer: The well boiled-out 
cotton is steeped for several hours in a solution of sulfuric acid at 6° 
to 8° Tw., during which small portions of potassium permanganate are 
added from time to time. The cotton is said not to turn brown, and a 
subsequent treatment with sodium bisulfite is hence necessary, while 
y2 percent of potassium permanganate is said to effect a good bleach.^ 

’ Manzoni’s experiments were as follows: Solutiuns of i, and 2 parts of potassium 
permanganate per 100 parts of cotton weie used, the quantity of water in the bath being 30 
parts to I of cotton; the cotton yarn employed was first boiled out in a caustic soda solution 
of 4 gms. per liter under 2 atmos. pressure, then well washed and steeped for 5 hours in the 
permanganate bath containing sulfuric acid to a strength of 5® Be. The permanganate 
was added in several dilTcrent proportions, the solution was well stined and the temperature 
raised from 15° to 20° C. Similar experiments were also made witii neutral and alkaline 
solutions of potassium permanganate, and the conclusions were as follows: In neutral 
solutions the reduction of the salt takes place regularly but slowly; in alkaline solutions 
the reduction probably takes place in two stages; m the first, the color changes rapidly 
from violet to green, and when the cotton is entered a paitial precipitation of man- 
ganese hydrate occurs on the fiber; in the second the green niangaiiate loses its color very 
slowly, the manganate remaining in solution being precipitated on the fiber very slowly. In 
the acid solution, the reduction takes place much more regularly and in less time than 
under the other two conditions. At the end of each series of experiments, when the 
permanganate was reduced, the yarn in all three cases was of a brown color, which was 
darker, however, than that treated in the acid bath. The difference in the strength of the 
fiber was quite perceptible. The yarn which was treated in the^ acid or neutral bath 
'\as not tendered at all, but that which was treated in the alkaline bath was tendered 
throughout, especially where the 2 percent solution of permanganate was used. 
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Tlie use of the acid bath prevents the formation of the oxide of 
manganese in the fiber, as in the reaction between the, permanganate 
and the sulfuric acid, manganese sulfate and oxygen are formed as 
follows: 


KMu./\ + 3 I I,S( ), -1^ j ]\rnS( + 3 H.O + 50. 

According lo a process recently patented in England, potassium 
permanganate may be employed in conjunction with bleaching powder 



for purposes of bleaching cotton fabrics in the following manner: The 
cloth to be bleached is packed in a bath containing 8 gallons of bleach- 
ing power solution of 10° 'fw., and 2 lbs. of potassium permanganate. 
The goods remain in this bath for 2 to 3 hours, and are then washed in 
water, after which they are then placed in a second bath containing 7 
lbs. of sodium bisulfite and ])int of sulfuric acid. They are left 
for ijT hours in this bath and then well washed again. These opera- 
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tions are repeated by giving a third bath containing 3^ gallons of 
bleaching powder solution at 10° d'w. and 6 oz. of potassium per- 
manganate and a fourth bath of lbs. of sodium bisullite and 
pint of sulfuric acid. 

A rapid process for the bleaching of cotton goods by the perman- 
ganate process is given as follows by I)elehcc(jue.“ Tlie material is 
successively worked in the following baths: (1)2 kilos, of caustic .soda 
and 2 kilos, of soda ash to 1000 liters of water; time of immersion 

to 2 hours; (2) a 0.5 percent solution of sulfuric acid for fo 
minutes; (3) a 3 percent solution of potassium permanganate for 3 to 5 
minutes; (4) solution of 3 kilos, of barium ])ero\idc and 10 kilos, of 
hydrochloric acid to 100 liters of water for 15 to 20 minutes; (5) a 
solution of 200 liters of h)/drogen peroxide (12 voLs.), 4 kilos, of borax, 
and 10 kilos, of white soap to (Soo liters of water for U to hours. 
Baths (i) and (5) arc used at a maximum temi)crature of 80° C., and 
operations (3) and (4) may be repeated several tunes if necessary. It 
would seem that such a process as this woidd be vci*y costly and could 
be applied only to small articles of value where close personal attention 
to the operations could be given. 

]\liiller has ])ropo^ed a novel method of bleaching cotton with 
permanganate in connection with air, the permanganate supposedly act- 
ing as a catalytic agent. In carr)ing out the process 60 lbs. of cotton 
cloth are treated in a closed \'at or kier with looo lbs of 1 percent 
solution of caustic soda containing i oz. of potassium permanganate. 
In order to avoid the formation of ox) cellulo''e the cloth should be 
packed in sirh a manner as to be completely submerged beneath the 
liquor. The vTMh is then boiled for 2 hours under a pressure of 2 
atmosphei’es, and then a current of air is forced in under a pres.sure of 
3 atmospheres.*'^ When the liquor has acquired a clear yellow color, 
which usually requires about 12 hours, the process is comjdeted, and 
the cloth is well washed with water and then treated with a percent 
solution of sodium bisulfite for the purpose of removing the hydrate 
of manganese. It is finally .soured, washed and dried. By this means 
it is claimed that boiling-out and bleaching can be executed in one 
operation. 

The i)otassium permanganate method of bleaching is of but little 
importance for cotton on account of its high cost as compared with 
bleaching powder. It has some use, however, in the bleaching of linen 
and jute, though even in these cases it is usually employefl in connec- 
tion with chloride of lime. As compared with chloride of lime, the 
permanganate bleach has a greater effect on the strength of the fiber 
and is more liable to cause local o.xidation. (Jn the other hand, the 
bleaching effect is much more rapid, the oxidation taking place in the 
course of a few minutes. Heating the permanganate solution also 
rapidly accelerates the bleaching action. 

The bleaching (or oxidizing) effect of a permanganate solution 

^ Fr. Pat. 412,010. 

Mt has also lirt-n suKRrsltd to add hydroRiti peroxide or sodium peioxido lo the luiuor 
bleach’ng piessuii in ordir lo furmsli tlie netessciry oxygen for tlic 
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differs considerably, depending on whether the solution is acid or 
alkaline (neutral) ; in the former case 5 atoms of oxygen arc available, 
whereas in the latter case only 3 atoms of oxygen are set free: 

2 KMnO, + 3 H,SO, zr: K.SO, + 2 MnSO, + 3 ILO + 5 O. 

2 KMnO, + 3 H2O = 2 KOH + 2 MnO,.H /3 + 3 O. 

If acid is not present, hydrated manganese dioxide is precipitated and 
the solution becomes alkaline owing to the formation of potassium 
hydrate. If the precipitation of the brown manganese compound is 
to be avoided the solution has to be made rather strongly acid, requiring 
a sulfuric acid concentration of about 70° Tw., which is rather danger- 
ous to the fiber. 




Fig. 183. — Card Sliver Bleaching Machine 


The rapidity of the permanganate bleach in the case of vegetable 
fibers does not allow of a well penetrated bleach with the consequence 
that the inner parts of the fiber are not properly bleached, and, though 
the surface may at first appear quite white, this superficial purity is 
liable to be lost after a time. This is especially true if all trace of 
the manganese compounds are not thoroughly washed out. 

2. Bleaching with Peroxides. 

The use of the various peroxide bleaching salts is accompanied by 
less danger to the material than is the use of the hypochlorite com- 
pounds; this being especially true when used on a small scale and by 
persons who are not expert in the particular technique of bleaching. 
The peroxide compounds may also be used for the bleaching of all 
classes of fibers, and, in fact, of all kinds of materials whether textiles 
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or not, whereas hypochlorites are only applicable to vegetable fibers. 
On the other hand, in the latter case, the peroxide agents are more ex- 
pensive than hypochlorites, and it is more difficult to obtain as high 
a degree of bleaching. The peroxide bleaching agents, however, may 
be used in connection with other cleaning agents such as soap powders 
and alkaline detergent preparations, being mixed directly with these 
compounds to form a single cleaning and bleaching product, which is 
often of great convenience to the small scale user who may not be 
technically ccpiipped to carry out involved bleaching processes. Such 
preparations are especially adapted for small laundries and household 
use. 

Use of Hydrogen Peroxide . — This bleaching agent may be employed 
for cotton in the same manner as for wool. Of course, it acts merely 
as a decolorizing agent, and simply replaces the treatment with chloride 
of lime; the cotton must be boiled-out in the same manner as for the 
ordinary method of bleaching. The following procedure for bleaching 
cotton with hydrogen peroxide is given by Koechlin : For 50 kilos, of 
cloth use a bath containing 

Water 100 liters 

Caustic soda 10 kilos. 

Soap 30 kilos. 

Calcined magnesia 5 kilos. 

Hydrogen peroxide (12 vol.) 50 liters 

The goods arc to be boiled in this solution for 6 hours; wash, and then 
pass through sulfuric acid of 3^^ Tw., and wash again. The magnesia 
is added to the l.dh in order to prevent the too rapid decomposition of 
the hydrogen peroxide, as otherwise the oxygen would be liberated so 
fast that it would have no chance to do any bleaching. The magnesium 
oxide, no doubt, forms a peroxide which decomposes but slowly at a 
boiling temperature. A magnesium soap is also formed through the 
interaction of the soap in the bath and the magnesia, but this is rather 
easily removed in the washing and treatment with acid. 

The method of Siebold and Schwartz for cotton bleaching is as 
follows : The goods are boiled-out in the usual manner, then saturated 
with a dilute solution of hydrogen peroxide and hung in a special cham- 
ber in which they are subjected to the action of warm vapors of 
ammonia. At the cud of an hour tlie bleaching process may be con- 
sidered as finished. 

Use of Sodium Peroxide . — Sodium peroxide is a cheaper agent to 
employ for bleaching than hydrogen peroxide, and its action in bleaching 
is exactly the same, because the active bleaching agent in each case is 
hydrogen peroxide. The bath of sodium peroxide for use with cotton 
goods is prepared in the same manner as for wool and the operations 
arc carried out in just the same way (see page 137). As a rule, for the 
majority of cotton goods, the peroxide bleach is too costly to have any 
practical application. It is sometimes used for delicate and costly ma- 
terials where it is feared that the treatment with chloride of lime, acids, 
etc., would injure the fabric; it is also used at times for the bleaching 
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of silk and cotton mixed tjoods. The following table is given as the 
best conditions for. bleaching the different fd)crs with sodium peroxide; ^ 


Percent of Temp. 'I'imc in Percent of sodium 
Fiber sodium peroxide hours peroxide on weight 

in bath of goods 

Cotton 1 30- -40 i~3 I 

Linen i 40 — 50 lO—Tl t 

Wool 2 — 3 50 4 — 5 “^3 

Silk 4-^> 4' 3—5 

Straw T 30 40 2 — 4 I 2 


In the bleaching of cotton with sodium peroxide the bath should 
show a strength of to i percent of hydrogen peroxide, and it is 
found that the required consumption of sodium peroxide is about ^2 
to I percent of the weight of the goods. The time necessary for bleach- 
ing varies from to 10 hours, being dependent on the character of 
the goods bleached, the alkalinity of the bath and its temperature, which 
may vary from 90"^ to iHo'' F., according to circumstances. 

'['bough cotton itself is seldom bleached with '-odinni [leroxide, the 
method is considerably used for the bleaching of mixed goods, such as 
silk-cotton and wool-cotton fabrics. In dealing with such mixtures, it 
must be borne in mind that, though cotton will stand a boiling peroxide 
bath, wool must not be treated at temperature above 130° to 140"^ F. 
The following formula is said to give good results in the bleaching of 
wool-cotton fabrics : 

Water too gallons 

Afagiiesium sulfate .... .15 to 30 lbs. 

Sulfuric acid . . ..... t K to 3^ lbs 

Sodium peroxide . ... ...5 to 10 lbs. 

The goods arc well .scourtal and ste(‘pcd in the above bath at 140"^ F. 
for 4 to 8 hours. With silk-cotton fabrics, the bath is finally raised 
to the boil. 

An excellent (iiialitativc test for residual hydrogen peroxide in old 
bleaching solutions is the use of a sulfuric acid solution of titanium 
sulfate; this gives a yellow color with hydrogen peroxide which is 
({uite characteristic. 

In order to determine accurately the residual hydrogen peroxide left 
in old bleaching baths, titration with potassium permanganate cannot 
be employed, as the organic impurities accumulating in the bath from 
the fiber materially affect the result. Kind'"' calls attention to a much 
better method; the solution to be analyzed is first strongly acidified 

* According fo the manufacturers, the cost of hicaching various arti( Ics with peroxide of 


sodium IS as follows (1913): 

Wool, raw and piece goods $i 00 to $1 7S 

Mixed, Union, and Knit goods i (jo to i 50 

Mixed wool and silk, cotton and silk . . i so to 2 50 

Silk, skein and piece 2 00 to 3 00 

Colton do to 75 

Tussah .silk 4 00 to 7 00 

Jute, hemp, flax 50 to i 00 


These figures arc supposed to cover the cost of the chemicals per 100 lbs. of goods 
. bleached 

^ Bleichcn dcr Pilanzenfasetn, p. 167. 
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with sulfuric acid and there is then added an excess of potassium iodide. 
The hydrogen peroxide present sets free iodine which is then titrated 
with i/io noniial sodium thiosulfate solution, ft is necessary to have 
the solution first acidified, as potassium iodide acting on hydrogen 
Syg^n'^ ® solution does not set free iodine, but liberates 

Osone Itself has been tried as a bleaching agent, but it lias proved to 
be too expensive for general use. Ozone is produced by high tension 



iSj. -Open Rleacliing Macliinc for Cops and Tubs. 


is simply oxygen in a condensed molecu- 
arconsfi.fin molecule of oxygen in its ordinary condition is considered 

oxygen, ' O.,,: The"'bleactog° ac^ilf/'ofton^b 'vlr7hTgh“ t 

45bKI“d2g’S“„t ■' 

Schreiner has proposed a method of using finely divided turoentine 

enrsXem f ^^pentie is also aS 

)arts 7 • i^ out by dissolving 12? 

>2 mr/ turpentine, and then addhig a mixture of 

I ' s of caustic potash, 40 parts of water and 90 parts of hydrogen 
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peroxide. This gives a clear liquor, which is exposed for 2 to 3 days 
to bright sunlight and then kept for a week in the dark. This causes 
the formation of a stable solution which is given the name of ozonine. 
An emulsion of i part of ozonine in 1000 parts of water is said to be 
oi suiticient strength for the preparation oi bleaching baths for the 
treatment of cotton. 

A rather unusual method of bleaching by utilizing the oxygen of the 
air is given by Muller*^ as follows: bo kilos, of cotton and 1000 liters 
of a I percent solution of soda ash containing also 20 grams of man- 
ganese sulfate are put into a closed kier, taking care that the cotton is 
completely immersed. The lye is heated for 2 hours under 2 atmos. 
pressure, air being excluded. A current of air at a pressure i atmos. 



Fig. 185.— Open Horizontal Bleaching Machine for Beamed Warps. 


greater than the steam pressure is then directed on to the surface of 
the lye until the bleaching operation is complete. The lye is then run 
off and the cotton is washed, treated for a brief time with a 0.5 percent ' 
solution of sodium bisulfite to remove the precipitated manganese com- 
pound, washed again and finally dried. 

The so-called “air bleach” for loose cotton is given by Muller as 
follows : ^ From 2500 to 3000 pounds of loose cotton are placed in an 
upright kier (about 9 feet high and 9 feet in diameter), together with 
about 3700 gallons of a i percent solution of caustic soda, ami boiled 
under a pressure of 2 to 2^ atmospheres with constant circulation and 
free from air for 12 to 15 liours. Then by means of a compressor air 
under 4 atmospheres pressure is forced into the circulating liquid and 
the boiling continued for 2 hours longer. By means of a suitably regu- 
lated valve the air is evacuated as it is used up. It is claimed that the 
cotton is bleached a satisfactory white, especially if soured afterwards 

•Fr. Pcf. 414,821. 

» Ggr. Pats. 240,037 and 242,296. 
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with a percent solution of hydrochloric acid. Modifications of the 
process are suggested in the use of metallic catalyzers such as manganese 
carbonate (o.oi percent) or cobalt oxide (0.5 percent) to the alkaline lye 
and boiling in the presence of compressed air \mder 2 atmi>sp\\eves 
pressure for 12 hours. It would seem that in this process it is necessary 
to suspend the material in the lye and mjt to have the air come directly 
in contact with the goods, but only as a solution in the lye, otherwise 
oxycellulose will be formed and the fiber weakened. 

In the preparation of peroxide bleaching solutions for cotton goods 
(or linen) there have been numerous methods suggested in the technical 
and patent literature. 

Jacobsen® gives the following-: The goods are first given a cold 
sour with sulfuric acid at 2° Tw., rinsed and boiled for 6 hours in a 
pressure kicr with a liquor consisting of 350 gallons of water, 48 gallons 
of hydrogen jDcroxide (12 vol.), 200 pounds of calcined magnesia and 
50 pounds of soap. 

Konigsworter and Ebell give the following method: The goods are 
first boiled-out as usual with soda ash and caustic soda lye; the bleach 
bath is prepared with 10 gallons of hydrogen peroxide (12 vol.) diluted 
with 5 to 6 times the quantity of water and i quart of ammonia water. 
Steep the goods in this solution for 8 to ro hours at a temperature 
of So"" to go"" F. 

In some methods (particularly for use on low-grade carded cotton 
containing a large quantity of motes and impurities) it is recommended 
to give the goods a preliminary bleaching with sodium hypochlorite, 
and after thorough washing to then bleach with the peroxide bath. In 
such cases it miL't be remembered that hydrogen peroxide acts as an 
antichlor with hypochlorites; that is to say, the peroxide and hypo- 
chlorite mutually neutralize one another, 'riiercfore, care should be 
taken not to carry over residual hypochlorite liquor in the goods to 
the peroxide bath, as in such a case the peroxide would simply be 
decomposed without exercising any !)Ieachiiig effect du tlic goods beiiv 
treated. 

Attempts have been made with more or less success to use the 
peroxide bleach on cotton in connection with a boiling-out operation. 
Gagedois® recommends the following: For 100 pounds goods pre- 
pare a bath with t to 3 pounds sodium peroxide, i to 4 pounds ordinary 
white soaj) and 2 to 8 pounds soda ash. Treat the material in this bath 
for 4 to 6 hours, starting at 120° F. and gradually raise to the boil. 
While this method may furnish a .satisfactory white color on a fine 
quality of clean cotton goods prepared from combed yarns, it is doubt- 
ful if very gratifying results will be obtained on the lower grades of 
cotton material when a considerable amount of highly resistant impuri- 
ties are to be met with. This process has received more encouragement 
in linen bleaching and has been operated with considerable success in a 
large French blcachery for fine linen goods, and is claimed to be a 
satisfactory substitute for grass bleaching. 

* Ccr. Pat, 21 , 081 . 

* Gcr. Pat. 130 , 437 - 
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3. Bleaching Cotton with Perborates. 

Solutions of sodium perborate may be employed for the bleaching of 
cotton goods in a somewhat similar manner to sodium peroxide. As 
the cost of bleaching in this manner, however, is relatively high, sodium 
perborate would not, as a rule, be employed except for the bleaching of 
very high grade cotton materials, such as laces, etc. 

Bleaching solutions of sodium perborate arc rather sensitive to the 
catalytic action of various metals. In order to inhibit such reactions 
Sarason recommends the addition of sodium pyrophosphate; Byk “ 
uses sodium bisulfatc and in Ger. Pat. 250,262 the use of borax is 
mentioned. 

In the use of sodium perborate the active bleaching agent is hydrogen 
peroxide, as the following reaction takes place when this salt is dissolved 
in water : 

4 Na?>03 + 5 =: 4 + Na,B, 0 , 4 - 2 NaOIT 

Sodium Water Hydroj^en Borax Caustic 
Perborate Peroxide Soda 

It will be seen, therefore, that the resulting solution is alkaline, con- 
taining both borax and caustic soda. The sodium perborate solution, 
however, is less alkaline in character than the corresponding solution 
•of sodium peroxide.'^ 

Notwithstanding some attractive features in the use of perborates 
for bleaching, particularly their comparative stability even in boiling 
solutions, their use has not met with any great degree of favor, perhaps 
chiefly owing to the higher cost of these chemicals, and the fact that 
the results obtained are either not as good or in nowise better than 
those obtained in the older and well established forms of bleaching. 

A process for bleaching yarn and piece-goods on a large scale by 
means of perborate (Perborin) has been patented by the Chemische 
Fabrik Griinau.^'^ For \arn the process is as follow^ : 2000 lb. of cotton 
yarn is soaked in boiling water for about half an hour, rinsed, 
centrifuged, and packed in a boiler, provided with a circulating pump. 
Phe goods arc then heated in the bleach lye for four hours at a pressure 
of about 22 lb. with constant circulation. The goods are then rinsed 
in the boiler, taken out, soured with J/. percent of sulfuric acid, rinsed 
again, blued if necessary, and dried. The bleach lye is made up as fol- 
lows: 100 lb. of caustic soda and 50 lb. of soap or 25 lb. of Turkey- 
red oil are dissolved in 2000 gals, of water. In the meantime another 
solution is prepared of 15 lb. of sodium perborate and 12 lb. of sulfate 
alumina in a convenient but not excessive quantity of water. The 

Ger, Pat, 226,090. 

” Ger. Pat. 249,325. 

For the use of magnesium perborate (and zinc perborate) as bleaching agents, see 
Fuhrniann, Ger. Pat. 250,262. _ 

Further particulars of this process are given as follows: The material is boiled-out and 
washed in the usual manner and then jdaeccl in the bleach bath containing for 10 gallons 
water, 4 ounces soap If the water is at all hard the soap may be partly replaced by 
Monopol oil. The bleaching is started at izo” F. and the bath is gradually heated to 
170° F.; run for 2 hours at this temperature and then heat to 200° F. for 3 hours. Wash 
first in lukewarm and finally in cold water The bleach vat should be of wood with a 
double bottom and heated by a closed tin toil. The use of iron parts should be carefully 
avoided. The bleach' bath should be circulated with an earthenware pump. 
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caustic-soda and soap solution is then mixed with the perborate solu- 
tion. 

Piece-goods are freed from dressing in the first place, and then 
well rinsed. Scouring is unnecessary except in the case of very dirty 
goods. The pieces arc then steeped in the bleach liquor and heated in 
the caustic soda lye for four to live hours while the whole liquid circu- 
lates under a pressure of 22 to 30 lb. The subsequent processes are as 
for yarn. 

Linen, ramie, and jute can be bleached by this process in weaker 



Fig. 186 — Pressure Pleacliing l\Iacbine for Package Goods. 


lyes, or in the same lyes without artificial pressure. The advantages 
claimed are : 

1. Saving of bleaching agent. Unscoured cotton yarn is bleached 
with 54 percent of its weight of perborate. 

2. Dispensing with scouring in most cases. 

3. The bleach liquid is clear all the time, so that the process is suit- 
able for bleaching cross-wound sfiools in machines. Paths of mag- 
nesium perborate, on the other hand, are turbid, a circumstance which 
makes them unsuitable for wound-up goods. Magnesium perborate is 
also apt to throw down magnesia soaps on the fiber, whereby the goods 
turn yellow on drying. 

4. The presence of sulfate of alumina makes any given amount of 
active oxygen far more effectual in bleaching when coming from sodium 
perborate than it is when coming from magnesium perborate. 
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4. Comparison of Different Methods of Bleaching Cotton. 

Of all the different processes of bleaching discussed in the preceding 
pages, the one which is employed to by far the greatest extent in a 
practical way is that involving the use of hypochlorite. The other 
methods, while interesting in some particular cases, are almost negligible 
for purposes of mill bleaching for the ordinary staple lines of cotton 
goods. The use of peroxide is recommended in special instances where 
the conditions are such that hypochlorites would be objectionable on 
account of the risk of injury to the material. This would only be the 
case, however, with very fine and delicate fabrics which would not 
stand properly the rather severe treatments of the hypochlorite proc- 
esses. 

Bleaching powder and sodium hypochlorite are the only hypochlorite 
compounds that have practical importance in bleaching. Bleach liquors 
prepared from hypochlorites of aluminium, magnesium and zinc have 
often been suggested and their valuable properties described in tech- 
nical literature, but they have never become commercially available, as 
the cost is considerably higher without any compensating advantages. 
Considerable discussion, however, has been had concerning the relative 
advantages of chloride of lime and hypochlorite of soda, especially 
with regard to the electrolytic bleach liquors prepared from salt solu- 
tion, and (in this country particularly) the chemic prepared by the 
.solution of chlorine gas in alkaline solutions. Different bleachers ai)par- 
ently obtain different results in the comparison between the bleaching 
efficiencies of solutions of chloride of lime and hypochlorite of soda, 
some stating that the use of the latter effects a saving in chlorine of 20 
percent; others state even as high as 50 percent. The differences are 
apparently due to differences in the character of the goods being 
bleached, as well as differences in the alkalinity and temperature of the 
solution. Kind and Weindel, in experiments on chloride of lime and 
electrolytic sodium hypochlorite, carried out under comparable condi- 
tions of the hypochlorites of sodium and calcium, found that the bleach- 
ing value of the former was about 8 percent better. These results, 
however, do not necessarily represent practical conditions, for it is gen- 
erally conceded now that when operating under similar mill conditions 
the sodium hypochlorite liquors are found to be far more efficient. It 
has been argued, on the other hand, that this is due to the fact that 
the bleaching powder solutions are not used in such a manner as to 
develop their full bleaching activity, and that if the proper conditions 
are realized and maintained there can be no particular difference in 
any hypochlorite liquors containing the same content and concentration 
of active chlorine. It is claimed that under ordinary conditions (as 
are usually to be found in a bleachery), chloride of lime chemics are 
alkaline, and consequently the oxidizing effect is more slowly developed. 
While electrolytic hypochlorite liquors are usually in quite a neutral 
condition, on the other hand, the chemic prepared by dissolving chlorine 
gas (from liquid chlorine) in soda ash solution is quite alkaline, and 
yet both of these seem to possess higher bleaching efficiency than a 
chloride of lime liquor of the same active chlorine concentration. The 
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matter of comparison between diflerent chemics is still somewhat a 
matter of discussion, and it is necessary to understand thoroughly the 
nature of the solution involved before a definite opinion can be reached. 
The subject is still awaiting proper scientific investigation and involves 
the study of the ionic dissociation of the salts involved and the hydro- 
lysis of the alkaline bases, together with the velocity and extent of the 
secondary reactions involved and their reversibility. The superior 
bleaching effects of magnesium, zinc, and similar hypochlorite lujunrs 
is no doubt due to the absence of easily soluble hydroxides, as no doubt 
the presence of free hydroxide in the solution inhibits the hydrolytic 



formation of hypochlorous acid. This is shown by the fact that when 
chloride of lime solutions arc properly neutralized the bleaching activity 
is increased. 

Abel also points out another possibility in this connection, and states 
that in the comparison of chemics from chloride of lime and sodium 
hypochlorite there may be a considerable difference in the diffusion 
properties of the solutions. In the case of chloride of lime, by the 
action of carbon dioxide there is formed the highly insoluble calcium 
carbonate : 

Ca(OCl)2 + CO, d- IToO CaCO, + 2 HCIO 

while with sodium hypochlorite there is no insoluble compound formed. 
Abel suggests the possibility of the insoluble calcium carbonate being 
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precipitated on and in the fiber with the result that the fiber substance 
is protected more or less from the further action of the chemic, or 
at least that the penetration or diffusion of the hypochlorous acid 
through the fiber membrane is hindered. 

Ebert and Nussbaum also point out that when goods are treated 
with chloride of lime chemic and exposed to the air the oxidizing action 
of the hypochlorous acid results in the formation of hydrochloric acid 
and this acting on fresh quantities of hypochlorous acid liberates free 
chlorine ; and the result will be a more severe action on the fiber. On 
the other hand, with sodium hypochlorite this cannot happen, as in this 
case the soluble sodium bicarbonate (formed by the action of the carbon 



Fig. 188, — Bleaching Apparatus for Cops and Cheeses, 


dioxide) is diffused equally through the liquor with the hypochlorous 
acid, and consequently the hydrochloric acid that is formed in the 
secondary reaction is immediately neutralized by the bicarbonate. From 
this it could be presumed that a chemic of sodium hypochlorite would be 
less corrosive in its action on the fiber than a corresponding chemic 
of chloride of lime. Furthermore, in the bleaching process with chloride 
of lime, the insoluble calcium carbonate is precipitated on and in the 
fiber and this would naturally give the goods a harsher feel than a 
chemic of sodium hypochlorite, as in the latter case no insoluble mineral 
salt is left in the fiber. 

As far as theoretical considerations are involved, since bleaching 
is really an oxidation of the organic coloring matter of the fiber, it 
would seem that the value of any bleaching compound would be de- 


THE BLEACHING OF COTTON 


381 

pendent upon the amount of available oxygen to which it corresponds. 
The percentage of available oxygen in the four substances mostly em- 
ployed in bleaching is as follows : 


Chloride of lime 33% x — — 7-5 percent 

16 

Potassium Permanganate OaiKoMibOs^ 15.2 “ 

Hydrogen Peroxide 10 volumes of 0 = 14 “ 
Sodium Peroxide 98% pure = 20.0 “ 


The relative cost of a pound of oxygen as given by these substances, 
reckoned at their commercial value (1913), would be as follows: 


Bleaching Agent 

Chloride of Lime 

Potassium Permanganate . 

Hydrogen Peroxide 

Sodium Peroxide 


Cost per 

Percentage of 

Cost of Oxygen 

1 lbs. in cents 

available Oxygen 

per lb. in cents 

130 

7.5 

17. 

950 

15.7 

61. 

430 

14 

307. 

4000 

20.0 

200. 


The theoretical “oxidation value” of different bleaching agents is 
given as follows by Kind : 

100 pounds hydrogen peroxide (3 percent) = 1.41 pounds active 
oxygen. 

100 pounds sodium peroxide (95 percent) — 19.5 pounds active 
oxygen. 

100 pounds sodium perborate (10.4 percent) = 10.4 pounds active 
oxygen. 

100 pounds bleaching powder (35 percent) = 7.9 pounds active 
oxygen. 

100 pounds potassium permanganate in acid solution = 21.8 pounds 
active oxygen. 

100 pounds potassium permanganate in alkaline solution = 15.2 
pounds active oxygen. 

As the action in bleaching of sulfurous acid gas is a reducing one 
instead of an oxidizing one, it cannot be brought into the comparison of 
the figures given for the cost of a pound of oxygen. From the bleach- 
ing agents above describcfl, it is seen that peroxides are much more 
costly to use than either chloride of lime or potassium permanganate. 
These figures are, of course, based on the consideration that all of the 
available oxygen is utilized completely in the bleaching process. With 
chloride of lime, however, it is far from probable that all of its available 
chlorine (reckoning on 33 percent as being the average amount present 
in commercial samples) is utilized in the generation of oxygen. Just 
what the efficiency in bleaching of chloride of lime is as compared with 
the peroxides has never been determined. Even allowing, however, 
that only one-half of the chlorine is utilized in the oxidation, it will be 
seen that chloride of lime is still by far the cheapest bleaching agent. 
1 he peroxides probably have a greater efficiency as far as the oxidation 
is concerned than chloride of lime, but this efficiency would have to be 
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about twelve times greater than that of chloride of lime in order to 
make the two compare in cost. 

In comparing the bleaching rapidity and efficiency of solutions of 
commercial hydrogen peroxide, sodium peroxide and sodium perborate, 
it must be borne in mind that the simple solution of these products in 
water in the case of the first gives a slightly acid bath, while the other 
two give rather strongly alkaline solutions. The degree of alkalinity of 
the bath materially affects its stability, velocity of bleaching and 
efficiency. In this connection Kind has shown by a series of experi- 
ments that the more alkaline the peroxide solution the less its stability, 
and that in a slightly acid condition it becomes comparatively quite 
stable even when heated. 

In calculating the oxidizing power of potassium permanganate with 
reference to bleaching, only three atoms of oxygen are taken as available, 
as the limit of deoxidation in this case is taken as the dioxide, MnOa- 



Fig. 189.— Machine for Cleanint> and Reshaping Bleached Cops. 


The exact efficiency of potassium permanganate with reference to its 
oxidizing power in bleaching is also uncertain, but it is probably much 
higher than that of chloride of lime, consequently, the cost of bleaching 
by this method should approximate closer to that of chloride of lime 
than does the peroxide method. 

Since the bleaching of cotton (and of the vegetable fibers in general) 
is the result of a comparatively strong oxidizing action, it is an inter- 
esting question as to whether the bleaching only deals with the oxidation 
of the actual coloring matter, or if it extends to an oxidation of the 
entire substance of the fiber. Cross and Bevan are of the opinion 
that the latter is the aise, and claim experimental proof of the fact.^® 
As the oxidation of the fiber substance is a variable factor depending 
on the rapidity of the reaction and the activity of the oxygen in the 
bleaching medium, there may be a considerable variation in the actual 
consumption of oxygen in (he bleaching process. As cellulose is a 
molecule (or aggregation of molecules) containing aldehydic (CH.O) 
functions, its oxidation may result in a condensation involving either 

Bleichen der Pdanzenfa^ern, p 167 
’•See Jour, Soc. Chem. Ind., 1887, p. 172. 
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a hydrolysis or an elimination of water, according to the condition under 
which the oxidation takes place. Rapidity of oxidation seems to favor 
a minimum consumption of bleaching oxygen, and the rapidity of the 
reaction is determined by the presence of highly active oxygen when 
compared with solutions of bleaching powder. Cross and Revan are 
of the opinion that electrolytic bleaching li(piors present the best condi- 



Fig. 19O' r)r\cr ff)r Yarn on Cdiios or Tubes (Proctor &: Schwartz). 


lions for the smallest consumption of oxygen, as in such liquors the 
oxygen exists in a very active condition. 

Some interesting tests have been made on the variation in weight, 
length, strength, and elasticity of cotton yarns bleached by different 
methods.^ The results are .summarized as follows 



Weight 

Length 

Strength 

Plasticity 

Procc^^s Ori.Lt 

inal = 100 

Original “ too 

Original ™ too 

Original — lOQ 

Boiled 1 j hrs 

.•97 

98 

102 

106 

in J-4 hr.s 

■ -94 

98 

100 

107 

water J 6 hrs 

• 94 

98 

100 

102 

Hypochlorite Bleach 

. . .Q7 

98 

96 

98 

106 

Permanganate Bleach (X^ 

97 

93 

Peroxide Bleach . 

03 

97 

92 

107 


It would seem from these tests that the hypochlorite bleach caused 
the least loss in weight, length, and strength of bleached yarns, while 

j” Midm'Iy, Textile Manufacturer, 1914. 

the tests were made with 2/40’s carded American cotton twisted with 36 turns per inch. 
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the elasticity is practically equal to that of the peroxide bleach. It is 
interesting to note that the permanganate bleach gives the lowest elas- 
ticity, while the peroxide bleach gives the lowest strength and greatest 
loss in weight. These results, however, must not be taken as authorita- 
tively established, as they would be much influenced by the methods 
employed in carrying out the bleaching operations. 



Chapter XX. 

The Bleaching of Cotton (Coat.). 

I. Bleaching of Loose Cotton. 

Loose cotton may be bleached for several purposes: (a) for spin- 
ning into white filling yarns of medium quality, (b) for absorbent 
cotton for surgical purposCvS, (c) for packing jewelry, silverware, etc., 
(d) for white cotton batting for use in stuffing mattresse.s, etc., (e) 
for purified cotton fiber to be used in the manufacture of gun-cotton 
and artificial silk. 

When bleached cotton is subsequently to be spun into yarn it is 
desirable to retain as far as possible the spinning (jualities of the fiber, 
and consequently the bleaching process must be so conducted that the 
waxy matters are left to a great extent on the fiber, otherwise the cot- 
ton will be harsh and brittle, and will give inferior yarns on spinning, 
and a great deal of waste. The object in this class of bleaching is t^^ 
give the cotton as white a color as possible and yet retain the natural 
condition of the fiber. When bleaching for the preparation of ab- 
sorbent cottc:\ on the other hand, the main object is to remove as 
perfectly as possible all of the natural waxes, etc., on the fiber, and no 
heed is paid to .the spinning qualities. Jewellers’ cotton is bleached 
chiefly for the purpose of obtaining a white, clean, soft product which 
will be free from any chemical .substance liable to corrode or tarnisli 
bright silver surfaces. In bleaching for use for gun-cotton and arti- 
ficial silk the purpose is to obtain a highly purified cellulose ; the whit- 
ening effect is of secondary importance excej)t in so far as it indicates 
the complete removal of materials other than cellulose from the fiber. 
For the last mentioned uses it is not necessary to employ a long fibered 
or high-grade cotton, and cotton waste and liiitcrs are mostly used. 

Loose cotton for spinning may be bleached in the following man- 
ner: The material must first be well scoured by boiling with a solution 
of soda a.sh or caustic soda or with Turkey-red oil, as already de- 
scribed under the study of scouring. It is then steeped in a solution 
of bleaching powder standing at 2° Tw. for one hour; after which it is 
drained and soured off in a bath of sulfuric acid at 1° Tw. for one-half 
hour. It is then well washed and soaped and tinted if so desired. 

In the bleaching of loose cotton or sliver which is subsequently to 
be spun into yarn, in order to avoid the harshness and dryness of the 
fiber which is detrimental to good spinning:, it is advisable after bleach- 
ing to give the material a final bath containing a small amount of soap, 
or pass through a solution containing 3 percent of common salt or a 
similar quantity of glycerin and soap. This causes the fiber to retain 
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more moisture and consequently be softer and work better in carding 
and spinning. It also serves to cut down the electrification of the fiber, 
which is a disagreeable defect tliat bleached cotton readily assumes in 
passing through the various mechanical processes of spinning, and 
which results in hairy and uneven yarn. 

A process which has met with considerable success is to treat the 
loose cotton in the so-called “vacuum” machine, which really consists 
of a large cast iron cylinder in which the cotton is tightly packed by a 
perforated cover being screwed down. The various solutions used in 
the bleaching are pumped through the cotton; at first warm water 



Fig. 191. — Raw .Stock Bleaching Machine ( Delahunty) . 


(which takes the place of the boiling-out with alkali), then a cold 
solution of chloride of lime, then sulRiric acid solution. The cotton 
is next washed well with cold water, soaped and tinted. This cold 
process of bleaching does not materially injure the spinning qualities 
of the fiber. The machine used may be lined with lead, though this 
docs not seem necessary, as the surface of the iron soon becomes 
coated and hardened so as to resist the action of the solutions used. 

The following process of bleaching loose cotton is recommended by 
Sansone: The well scoured cotton is worked in a bath of sodium 
hypochlorite containing a small amount of soda ash and standing at 
2° to 4° Tw. Then it is allowed to steep for several hours, or even 
overnight if convenient. After removal from the bath, the cotton is 
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drained and washed, and then worked in a bath of sodium bisulfite at 
2° Tw. Steep for about one hour, then wash well, and tint if neces- 
sary. 

In the bleaching of cotton in the loose state it is found that one 
pound of cotton requires 15 to 25 gallons of water for all of the oper- 
ations.^ 



For the bleaching of loose cotton (especially when packed in ap- 
paratus) only the purest water should be used, especial care being 
taken to avoid water containing any sediment, for the cotton in this 
case acts as a filter and will absorb all the impurities. For the same 
reason in tinting bleached loose cotton it is not practical to use in- 
soluble pigments such as Ultramarine or Indigo, as the color would all 

’ The quantity of water to be used in the different baths for the bleaching of loose 
cotton may vary from lo to 30 parts for each part of cotton; the mean of this, 20 parts, is 
most frequently employed; and other things being the same this is always a safe quantity of 
water to use with loose cotton. Each pound of cotton would consequently require about 
2Y2 rallons of water for each bleaching operation, or, more accurately, 100 lbs. of cotton 
would require 241 gallons of water. 
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be filtered out in the upper layers of the material. The same remarks 
are also true in the bleaching sliver or slubbing. In this case the 
processing is nearly always done in special bleaching machines in 
which the rope of fiber is closely packed, and it is essential that all the 
operations of boiling-out, bleaching, souring and washing should be 
done in the same apparatus without removing or disturbing the cotton, 
as otherwise the partially processed fibers would become distorted and 
their alignment disturbed. The apparatus, therefore, must he con- 
structed of such materials that will make possible the use of hot 


' 



Fig. 193. — Dutch Wa'^hcr for IMcaching Linters. 

alkalies, as well as hypochlorite and acid liquors. Iron and copper are 
unsuitable for this purpose, hence it is necessary to use wood, hard lead 
or nickel or suitable alloys of proper resistance. 

A practical method for bleaching loose cotton, card sliver, etc., is as 
follows : ^ The material is packed in a rectangular vat and the liquors 
are circulated by means of a pump, also the pipe connections and 
valves should he so arranged as to allow the direction of the flow of 
the liquor to be changed from time to time as desired. An auxiliary 
storage tank with proper connections should also be provided for the 
bleach liquors. The bleaching vat proper (which is perforated top and 
bottom) is surrounded by a larger tank and so connected with the 
pump (which is of bronze) that the liquors may be forced through 

■ Handbuch der Fdrberei, Cassella & Co. 
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the cotton material first in one direction and then in the other. About 
1000 to 1500 pounds of cotton may be treated in one charge, and all 
the operations of boiling-out, chemicking and souring are conducted in 
the apparatus without disturbing the material. For boiling-out it is 
recommended to use a solution containing 2 to 3 pints of caustic soda 
(80° Tw.) per 100 gallons. This is introduced into the outer tank 
which is provided with suitable steam coils for heating. The liquor 
is circulated by the pump and boiled for 4 to 5 hours, after which the 
goods are washed twice with fresh water. The chcmic consists of 
sodium hypochlorite of i to Tw., in which the material is treated 
for I hour, and thoroughly washed again. In order to insure the com- 



Ftg. T94. — Oval Washer for T.oosc Colton. 

plete removal of the chlorine compounds, the hydrochloric acid bath 
may be substituted by one of sodium bisulfite (i to 2 pints per 100 gal- 
lons). In bleaching sliver, cops or other form of cotton in this ap- 
paratus, it is best to introduce a layer of loose cotton above and below 
the other material to act as a filter to catch all sediment and impurities. 
For tinting the bleached cotton it is recommended to use Alizarine Cya- 
nole FF and Alizarine Cyanole Violet R mixed in the necessary pro- 
portions to produce the desired tone. 

Another method of treating loose cotton is in an apparatus similar 
to a Hollander. This consists of an oval tank provided with a revolv- 
ing series of rakes to circulate the cotton and also with a mechanism 
for automatically lifting the cotton out of the liquor to a travelling 
apron. This apparatus is not suitable for boiling-out the cotton and 
this must be previously done in a kier. It is very useful, however, for 
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washing, chemicking and souring, and for this purpose the metal parts 
should be constructed of phosphor bronze. This cotton Hollander is 
largely used for the preparation of loose cotton used in the manufac- 
ture of gun-cotton, celluloid and artificial silk. The material is treated 
in much the same manner as paper pulp. 

In the preparation of bleached cotton wadding the raw material 
is not ordinary loose cotton, but is cither waste from carding or spin- 
ning, or is cotton linters, a waste recovered in ginning. The material 
is therefore usually very dirty and oily and requires a very thorough 



boiling-out for its purification ; in fact, the cleansing or boiling-out 
operation with alkali (3 to 5 percent of caustic soda) is the chief con- 
sideration in the treatment of this material, and the chemicking is really 
a secondary consideration. This is also true of the same class of ma- 
terial used for the manufacture of gun-cotton or artificial silk; in fact, 
in the latter cases the hypochlorite treatment may be entirely omitted, 
as the color of the fiber is immaterial as compared with the purity of 
the cellulose desired. For cotton wadding, however, it is desirable to 
have a nice white color, especially when this is used for linings, mat- 
tress material, jeweller’s cotton, etc. It is customary to boil-out this 
material in closed pressure kiers of tlie usual type, though when large 
installations are in question the kier is provided with a suitable ar- 
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rangemcnt for the easy removal or evacuation of the product. If there 
is much mineral oil present in the fiber (from machine lubrication) it 
is well to add to the boil-olY liquor some soluble oil as an emulsifier, 
or a solvent such as ethylene perchloridc (b. p. 121° C.). This is 
especially to be observed in the preparation of cotton waste for nitra- 
tion. If the usual form of kier is used for boiling^-out, the material 
must be bleached and soured in other apparatus, for wliich purpose 
the cotton Hollander is well adapted. In some cases, however, the 
installation is so arranged to conduct all the bleaching operations in one 
machine, in which case a special api)aratus is requirccl similar to one 
of those already described. The chemicking and souring and washing 
operations are conducted in the usual manner. It is sometimes re- 



Fir.. 196. — Machine for Boilini?-out and Bleaching Raw Cotton for Spinning. 

({uired to give the bleached cotton wadding a scroop or crunch. This 
is usually done by treating with a bath containing 3 percent of neutral 
soap and then souring in a bath of acetic acid (or sulfuric acid) so as 
to precipitate free fatty acid in the fiber. Also impregnation with lime 
salts or alum have also been used. The bleached wadding is also blued 
or tinted with Indigo Carmine or soluble Prussian Blue. 

2. Bleaching of Cotton Linters. 

Cotton linters arc often bleached for the purpose of obtaining a 
pure cellulose fiber and destroying and removing the moles, seed par- 
ticles, fatty matters, dirt, etc. Owing to the very short staple of linters 
the boiling-out and bleaching processes must be conducted in such a 
manner as to prevent undue loss of fiber. The main feature in bleach- 
ing linters is a very thorough boiling-out with caustic soda liquor 
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under considerable pressure, as by this means alone the motes and 
seed-hulls can be effectively softened and decomposed. This is fol- 
lowed by a treatment with either acid or chloride of lime for the pur- 
pose of further decomposing the motes and converting them into 
soluble products or into a powdery condition so that they may be 
washed away from the fiber. Jn case a white fiber is desired chloride 
of lime must be employed, but if the color is not an essential feature 
then the acid treatment alone will often suffice. Bleached, or rather 
purified, linters are largely employed as a basis of nitrated cotton for 
gun-cotton and for the various cellulose solutions. Such solutions, for 
example, are the collodion solutions in ether-alcohol employed for the 
spinning of artificial silk by the Chardonnet process and the cupram- 
moniuni solutions of cellulose used for the spinning of cuprate silk. 

For the bleaching of cotton linters a high pressure boiling kier is 
accessary with outside circulation and centrifugal pump to work at 20 
to 40 pounds pressure. Tlie following solution is used for boiling-out : 
2 percent of caustic soda, percent of sodium silicate and ^ percent 
of tallow soap. The cotton is boiled for 2 to 3 hours at 20 pounds pres- 
sure; the steam is then shut off and the circulation continued for 3 
hours longer. Ihe steam is then blown off and the material well 
washed in the kier. The stock is then ])ut into a bleaching cistern (sec 
Figure 192) and treated with chloride of lime liquor at Tw. The 
cistern is provided with a piimj) to circulate the bleaching liquor which 
is introduced on the top of the cotton, then passes down through the 
mass and collects in the well at the bottom, from which it is again 
pumped to the top of the tank, d'hc goods arc treated with the bleach 
licpior for 3 to 5 hours according to quality, d'he cotton is then washed, 
well and then soured with muriatic acid at Tw. for hours. It 
is then washed thoroughl} until the last trace of acid is removed. 

In Europe, where large (juantities of bleached cotton waste or 
linters arc used for the preparation of artificial silk (by the cuprate 
process) the Kuhn system has been (piitc extensively used. This con- 
sists of a special installation for boiliiig-out under high pressure (about 
57 pounds), and for washing, chemicking and souring in special kiers 
provided wuth arrangements for automatically handling the material. 

3. Preparation of Absorbent Cotton. 

In the preparation of absorbent cotton for surgical purposes the 
main object is to obtain a product which is absolutely clean and highly 
absorbent. Wdiilc the usual methods of cotton bleaching arc employed 
certain precautions have to be observed in order to obtain a highly 
purified product. It is essential that no substances be present that may 
cause irritation in a wound, and furthermore it is necessary that the 
cell-wall of the cotton fiber be made as {lorous as possible. The chief 
process in the preparation of absorbent cotton is a very thorough boil- 
ing-out with alkalies so that the fiber may be freed in the most com- 
plete manner from all waxy, resinous, oily and albuminous substances 
which exist as natural or accidental imjnirities in the cotton. As a 
rule, stronger solutions of caustic soda are employed than when the 
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cotton is bleached for purposes of spinning. The boiling-out operation 
IS conducted in a closed kicr under a pressure of 2 to 3 atmospheres 
(corresponding to a temperature of 250 to 270° F.). A solution of 
caustic soda of 2 to 4° Be. is employed and the boiling is continued for 
from 5 to 10 hours. The caustic soda treatment also destroys the small 
particles of seed and shives ^ which are apt to be found in considerable 
quantity in the kind of cotton which is usually bleached in the loose 
condition. Ihe operations of boiling-out and bleaching loose cotton 
cause the material to become greatly matted together, especially if it is 
worked by hand. By using machines, however, the fiber may be kept 



in much better condition ; though as most machines necessitate the use 
of copper or bronze parts, the precipitation of copper compounds in 
the cotton, which would render it unfit for use for absorbent purposes, 
^lould be guarded against by suitably observing certain precautions! 
Caustic soda attacks copper surfaces very readily, forming a hydrate 
of copper; this is readily dissolved by the acids generated in the bleach- 
ing with chloride of lime, and as a result the cotton becomes impreg- 
nated with a salt of copper. If the cotton is soured off with sulfuric 
acid after the treatment with the bleaching powder, an insoluble dou- 
ble sulfate of lime and copper will be precipitated in the fiber, which 
cannot subsequently be completely washed out. If, however, hydro- 
chloric acid is used for the souring bath, no insoluble compound will 
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be formed, and the copper salt may easily be washed from the cotton 
subsequently. 

The bleaching proper of absorbent cotton is conducted in the usual 
manner for cotton bleaching, though it is much more desirable to use 
sodium hypochlorite than chloride of lime, in order to avoid the forma- 



tion of insoluble lime compounds which would tend to lessen the ab- 
sorbent property of the product. 

Kilmer recommends that absorbent cotton should be made from 
the type of cotton known as Texas strict middling, as other grades 
give inferior results. In Europe the better grades of absorbent cotton 
are made from Egyptian comber waste, while in this country peeler 
comber waste is largely used, as this product is quite clean and free 
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from motes and seed particles.^ The lower g^rades of absorbent cotton, 
and especially that used for sponging, is made from the cheaper grades 
of cotton waste and consists of shorter fibers and shows the presence 
of many nibs of short felted fibers. 

According to Kilmer, absorbent cotton should be bleached in ac- 
cordance with the following procedure: Washing in water; alkaline 
hydrolysis, consisting of a boil with a i percent solution of caustic 
soda for 12 to 48 hours under low pressure; washing; bleaching with 
sodium hypochlorite (the action being prolonged and the solution con- 
taining o.oi percent of available chlorine); hydro-extraction; souring 
with a 2 percent solution of sulfuric acid ; washing and hydro-extrac- 
tion; a second alkaline hydrolysis consisting of a short boil with 0.25 
percent caustic soda; washing and hydro-extraction; a second acid 
treatment; prolonged washing; treatment with antichlor (bisulfite 
or hyposulfite of soda) or a solution of soap; final washing. Steriliza- 
tion by steam or formaldehyde gas is also employed in some cases. 
The dried bleached cotton is carefully and thoroughly carded and 
made up into thin laps which arc rolled and cut into convenient sizes. 
A good quality of absorbent cotton should be capable of taking up 
from 18 to 20 times its own weight of water. A small pellet of the 
dry cotton when thrown on the surface of cold water should sink 
almost immediately. When bleached with sodium hypochlorite solu- 
tions absorbent cotton will not give more than 0.05 percent of ash on 
ignition, but when bleached with chloride of lime the ash will usually 
be from 0.15 to 0.30 percent. Absorbent cotton will nearly always 
show the presence of considerable oxycellulosc and will have a harsh 
crackly feel due to the acid treatments to which the fiber has been 
subjected. Jl is not good policy to soften the fiber by treatment with 
soap solutions or cotton .softeners, as these detract from its absorbent 
properties and are liable to produce yellow discolorations on storing. 
A well prepared absorbent cotton should not deteriorate with age if 
properly packed; if lime salts or soaps, however, are left in the fiber 
deterioration is very liable to occur. In the preparation of absorbent 
cotton it is very essential to employ as soft a water as possible and the 
washing after each treatment should be very thorough.® 

4. Bleaching of Cotton Yarn. 

Yarn may be bleached in a variety of forms, (i) as cops, (2) as 
spools or cheeses, (3) as beamed warps, (4) as warps in rope form, 
and (5) as skeins. Heretofore it was in the last two forms that yarn 
was mostly processed, both for bleaching and dyeing; but during 

* In Europe an unbleached absoibent cotton is Iar}?ely used which is made by a simple 
extraction of the fatty matters from the fiber by the use of volatile solvents. 

* The U. S. Pharmacopoeia gives the following riHiuiremcnts for absorbent cotton under 
the he.ad of “Purified Cotton”: White, soft, fine filaments, appearing under the microscope as 
hollow, flattened and twisted bands, spirally striate, and slightly thickened at the edges; in- 
odorous and tasteless; insoluble in ordinary solvents, but soluble in an ammoniacal solution of 
cupric oxide. When Purified Cotton, previously compressed in the hand is thrown on the 
surface of cold water, it should readily absoib the latter and sink, and the water should not 
acquire an at id or an alkaline rcattion (evidence of proper purifitalion and absence of fatty 
matter). Pm died Cotton should be perfectly free from all visible impurities, and on com- 
bustion should not leave more than 0.3 percent of ash. 

* Water of zero hardness obtained by means of a Zeolite softener is probably the best kind 
of water to use for the preparation of absorbent cotton. 
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recent years there has been great activity in the construction of ma- 
c iinery suitable for the dyeing and bleaching of yarn in the package 
form. It may readily be seen that if the various processes W be 
properly earned out and satisfactory results obtained it becomes much 
more economical to bleach yarn in the package form (cop, spool or 
as m this manner reeling and winding are avoided with 
the labor and waste they entail. The possibility of taking cops directly 
from the spinning mules, bleaching them and then using them straiglit 



Fig. 200. — Yarn Bleaching Apparatus. 


away as fillings yarns in weaving has long appealed to the practical 
manufacturer as a highly economical proposition. Certain difficulties, 
nowever, have long acted as a deterrent; the uniform and thorough 
impregnation by the necessary solutions of the yarn in the cop form 
has long been a serious problem and has required the development of 
special forms of circulating apparatus ; the fact that the cops (or in 
ract any compact package of yarn) act as a filter on the various liquids, 
ancl even the water has also been a factor that generally led to de- 

JiY r \ was also a problem 

vvhi^ presented many difficulties. 

B 1 ^P^^ frames is not obtained in the form of cops, but 

ODbins on a wooden holder which was not adapted to use in bleach- 
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ing machines. Such yarn, however, was wound on spools or tubes 
which could be bleached. In fact, though spools (cross-wound) form 
a much thicker and bulkier package, and contain more yarn than cops, 
they can be j)enetrated by liquids much easier, due to the fact that the 
cops are built up by running the yarn in close and compact winding, 
while the tubes are built up by winding the yarn in criss-cross layers 
so that the structure of the lube is porous or cellular with appreciable 
interstices between the warps of the yarn. Cheeses are large tubes 
in the shape of a truncated cone built uj) in the same way. 

Beamed warps make a convenient package for handling warp yarn. 
The warps are made up directly from the spools or bobbins and may be 
beamed on a perforated cylinder ada|)ted for use in a special form of 
bleaching machine, and forms a sinole large ])ackage which may be 



Fic.. 201. — Scouiini; and W’asliini^ Machine for Yarns. 


conveniently and economically handled. All the difficulties which 
have been mentioned in connection with the bleaching of cops also 
pertain in greater or less degree to the treatment of lubes and beamed 
warps. 

Machine bleaching of yarn in package form has been carried out 
to considerable perfection in Europe, both on the continent and in 
Great Britain. In America, however, progress in this line has been 
very slow, and bleachers here have been very shy in trying out the new 
methods and in devising various .schemes to overcome the difficulties 
encountered. This is indeed rather surprising owing to the highly 
developed mechanical skill of the American engineer and the tendency 
of most manufacturers in this country to adopt the use of suitable 
machines wherever possible for the handling of goods. 

5. Bleaching of Cotton Skein Yam. 

The bleaching of cotton in the condition of skein yarn is carried 
out in general in the same manner as that of loose cotton, except that 
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the manner of handling is somewhat different. The scouring with 
caustic soda is usually effected by boiling in kiers, which may be either 
open, or of the closed low pressure type. These kiers consist of large 
iron cylinders which arc best lined with cement. The entire ton^is 
removable and nicy be screwed down tightly by means of a number of 
clamps. The hanks of yarn are twisted and packed in systematically * 
the liquy is then run in from the top, after which the lid is screwed 
down, llie steam is introduced through the bottom of the kicr and 



Imc joj.— JJI t'aching Apparatus for Boilmg-out. ClicinirkiiiK, Suuring. and Wash- 
ing Skein Yarns and Warps. 


passes up tlirough an injector in the middle of the kicr to the top. 
tins causes a thorough drculation of the liquor tlirougli the material. 

tter several hours’ boiling, the liquor is drained off, the cotton re- 
moved and steeped in a bath of chloride of lime which is from 2° to 4° 
w. After steeping for one to two hours, the yarn is removed, rinsed 
ott, and .soured in a bath of sulfuric acid at 1° Tw., after which it is 
thorough y washed and soaped. The bleached yarn may be tinted in 
the soap bath by adding such coloring matters as Ultramarine, Methyl 
Violet, Methylene Blue, etc. Care should be taken to wash the ma- 
terial very thoroughly, as if a trace of acid is left in the cotton, on 
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drying the yarn will be tendered. The soap has the purpose of neu- 
tralizing any remaining traces of acid, and also softens the cotton. 
Instead of scouring in caustic soda, a boiling bath of soda ash may be 



used, or the cotton may be scoured out by the use of Turkey-red oils. 
Scouring by means of a boiling bath of milk of lime in low pressure 
kiers has also been used, but the favorite practice at present is to use 
the caustic soda process. 
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By the use of specially constructed tanks for the purpose of bleach- 
ing, souring, and washing the yarn considerable hand labor may be 
saved. Such an arrangement is as follows (see Figure 198) : The yarn 
is packed in a cement or wooden cistern provided with a false bottom ; 
the liquor is pumped up from a lower tank to the top of the yarn and 
is allowed to trickle through the cotton in an even and systematic man- 
ner; after percolating through the yarn, the liquor collects in the lower 
tank again, and is pumped back through the goods. One tank may be 



I'K. _’0-4 — Slvoin \ am \\ asliinj^ Macliinc. 


used^ fui the several operations of bleaching, souring, wasliing, and 
soaping without removing the cotton. 

Mather & Platt have constructed an apparatus in which all of the 
operations, including the boiling in alkali, may be carried out without 
removing the yarn (see Figure 200). The apparatus consists of a 
wcioden tank with a false bottom. The yarn is packed in evenly, and 
boiling caustic soda lye is caused to circulate through the material 
by means of a steam injector, which draws the liquor up from below 
K M f and sprays it over the top of the cotton. After being 
boiled for some hours, the lye is run off, and the goods are washed 
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with water. Next follows the treatment with the solution of bleaching 
powder, which is drawn up from a submerged tank and sprayed over 
the cotton by means of a pump. 1 he treatment with acid, and the 
washing and soaping are carried out in the same manner. 

A typical summary of the operations of yarn bleaching is given 
as follows : 



Fig, 205. Stretching and T.ustcring Machine for Bleached Mercciizcd Yariib. 

1. Boil 8 to 10 hours in a 5-lb. pressure kier with 4 percent of soda ash (or 
the same amount of caustic soda). 

2. Wash in open tank, give two turns. ^ r 1 1 i.- 

3. Treat for 6 hours in a circulating cistern with a solution of bleaching 

powder at 2® Tw. 

4. Wash in same cistern for 10 minutes. 

t;. Sour in same (or other) cistern for 15 minutes with sulfuric acid of 
C Tw. 

6. Wash in cistern with three changes of water. 

7. Soap off, hydro-extract, and dry. 

If iron stains develop on the cotton after the treatment with 
chloride of lime, instead of using sulfuric acid for souring off, hydro- 
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chloric acid should be employed, as this more readily dissolves off the 
iron. The density of the hydrochloric acid bath should be the same 
as that of the sulfuric acid. 

It is said that by adding- a small quantity of soap to the caustic 
soda in the lye boil, the scouriiifjf of the cotton is greatly facilitated. 
The same is also true of the addition of soluble oils or ricinoleate 
soaps. 

If the yarns operated upon arc of very hard twist, it may be neces- 
sary to^ repeat the operations of bleachin^q one or more times in order 
to obtain a perfect white. 



Fir. 206.— Blcncliing Api)aratus for Beamed Warps. 

Where it is desired merely to bleach small amounts of cotton 
yarn, and the proper kiers and cisterns are not available, the follow- 
ing process is recommended as giving good results: 

1. Boil for two hours in a bath containing 2 percent of soap and i percent 
of caustic soda. 

2 . Wash in fresh water. 

3. Steep for two hours in chloride of lime at 2® Tw. 

4. Wash in fresh water. 

5. Sour in sulfuric acid at 1° Tw. for one hour. 

6. Wash in two changes of water. 

7. Soap in i percent of soap for one hour, tinting at the same time if so 
desired. 

Yarn that is intended to be dyed immediately after bleaching gen- 
erally is not soaped off, nor is it tinted. If it is to be left in the white 
condition, however, it is soaped and tinted. The soaping and tinting 
may be carried out in what is known as a ^‘dumping” machine. This 
consists essentially of two wooden rollers, the upper one being cov- 
ered with cotton rope and resting with its own weight on the lower 
one. The hanks of cotton yarn linked together in chain form after 
being bleached are steeped in the soap solution containing the blue for 
tinting, and then passed rapidly between the rollers of the dumping ma- 
chine; the irregularities caused by the linking of the hanks of yarn 
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or the plaiting of the warps, gives a constant jumping motion to the 
upper roller and this beats the liquid thoroughly into the fiber so that 
the impregnation is very complete. If the yarn is washed in other 
washing machines in separate hanks, the pounding or “dumping'' may 
be done in what is known as the “stocks” in which the yarn saturated 
with the soap liquor is pounded by a wooden hammer. 



Fig, 207. — Apparatus for Chemicking, Souring and Washing Warps. 


6. Bleaching of Cotton Warps. 

In the bleaching of cotton warps a variety of processes may be 
employed, depending mostly upon the mechanical manipulation se- 
lected for the running of the warps. In most cases the warps are 
boiled-out in the same manner as skein yarn in closed kiers, the warp 
yarn being run in rope form and plaited down in the kier. The boiling- 
out is conducted in the same manner as with skein yarn as to manner 
of treatment and chemicals employed. Besides being processed in the 
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rope form the warps may be suitably doubled on a special machine for 
this purpose, or they may be linked up in a chain form, the links con- 
sisting really of loose ties, which may be done cither by hand or by 
a special machine. 

In the operations of chemicking and souring, several methods of 
running may be used. In the still bleach process, the warps are laid 
down in a tank which may be of either wood or cement, and the 
various bleach liquors are circulated through the rnaterial by pump- 
ing in at the top, and draining down by gravity. This method is quite 



Fig. 210. — Eighteen Cylinder Warp Drying ?^Iacliinc (Text Fin. Mchy. Co.). 


extensively used, but care must be had to have the warps so packed in 
the tank that undue channeling of the liquid is avoided, otherwise un- 
even results will be obtained. Also in this method the goods act as a 
filter towards the solutions employed, and it is necessary to use clean 
pure liquors on this account. Another method is to run the warps in 
rope form through a machine consisting of a series of tanks or boxes, 
provided with suitable guide rolls to carry the material up and down 
through the solutions in the several tanks, and also having squeeze 
rolls between the tanks. In this system the warps may be bleached in 
a continuous manner, running through the machine without interrup- 
tion in the process. In some cases, even the raw warp without previ- 
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ous kier bailing is used, the first few boxes of the apparatus being used 
for boiling the goods in caustic soda and washing. The warps are then 
run through a solution of hypochlorite, then given a rinse in water, 
then a sour and another rinse, then finally run through a soap and 
finish bath. The warps must be run at a low speed and be given suf- 
ficient contact with the respective solutions to efficiently bleach the cot- 
ton. By this means a very uniform bleaching may be obtained and a 
large j)rodiiction put through. Tt is necessary, of course, to con- 


T 



Fig. 2(1 - -Warp Boiling-out Machine (Text. h'in. Mchy. ( o,). 

stantly freshen up the various liquors in the different boxes so as to 
maintain them at ju'actically a uniform strength. 

Another method which is employed to quite some extent is to run 
the doubled warps through the chemic liquors in a single or double 
compartment machine provided with guide rollers and squeeze rollers ; 
or an ordinary form of the so-called Scotch dyetub may be used. After 
passing through the squeeze rolls the warps are piled up in boxes or 
in a cement bin. The squeeze rolls of the machine are so adjusted as 
to leave the proper amount of the chemic in the yarn, and the bleaching 
action is brought about by leaving the warps exposed in the piles for 
several hours. After this they are run through a similar machine 
for the purpose of washing, souring and finishing. 
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A long string- tub machine may also be used for bleaching warps. 
This machine consists of a long tub or tank provided with a reel and 
a set of wooden squeeze rolls. The warp in rope form enters at one 
end of the machine and passing up and down over the roll and through 
the squeeze rolls and guide pins, progresses spirally towards the other 
end of the apparatus. This method of treatment allows of the goods 
being given quite a prolonged treatment in the liquors. By linking 
up several such machines in series the warps may be run so as to give 
a continuous bleach by this process. Or after coming from the string- 
tub machine the warp may be folded down in boxes and allowed to age 
until sufficiently bleached, and then run through similar machines for 
souring, washing and soaping. 

By whatever process the warps are run the general treatment is 
the same. In a continuous system, as a rule, it is necessary to em- 
ploy stronger solutions than when the goods are saturated with the 
chcmic and then folded down in boxes for ageing. In the latter case 
care must be had to avoid drying of the warps in spots, as this will 
lead to tender yarns and defective bleaching. Usually the warps are 
suitably tinted with a bleacher’s tint in the final soap or softening 
bath and then run through squeeze rolls and over drying cans. If the 
warps have been doubled or linked they must be run through a warp 
splitter or an apparatus for unlinking before passing over the drying 
cans. 
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The Bleaching of Cotton Cloth. 


I. General Considerations. 

As already stated, this may he of (liree kinds, aeeordim^ to the 
])nrposc for whieh the cloth is afterwards intended ; 

(a) Market hleach, for goods to be left in the white. 

(b) Madder ble.ieli for (lycing of Turkey ked. 

(c) Printer’s bleach for cotton cloth to be i)nnted. 

'the only difference between (lie vnrions lileaclies is (lie decree to 
winch the blcachinfj action is condnc(od. There is no essciKml dif- 
ference ill (he nature of the process itself. 

'I'he followiiij; is an outline of the various operations through 
which cotton cloth ninsl I'la.ss in order to obtain a satisfactory bleach: 


oij) MEnini) 

1. Singeing. 

2. Steeping. 

3 Polling, with lime under j)rcssiirc, 
A- Souring with weak acid. 

5. Hoiling \. ith resin soap. 

(). Poiling with soda ash. 

7. Steeping in chloride of lime. 

8. Souring with weak acid. 

9. Washing and soaping. 


NEW METHOD. 

1. Singeing. 

2. Steeping (oflen omitted). 

3 Caustic soda boil under pressure 

4 Treatment with h\ pochloritc. 

5. Souring with weak acid 

0. Washing and sviajiing. 


Ihese different operations may he varied considerahlv in different 
mil s, or other methods of treatment may he substituted ; but in gen- 
eral, It may be said that a singeing, sronring, bleaching, souring, wash- 
ing, and soaping arc embodied in all of the processes leading to a 
complete bleaching' for cotton cloth. P)etwcen the various processes 
It IS also understood that thorough rinsings have to he given the cloth. 

For goods that are to he sent into the market in the white condition^ 
(he singeing operation is frequently omitted, and the boiling is some- 
times carried out in low-pre.s.sure kiers, and instead of resin soap in 
the first lye-boil, soda ash or caustic soda is used. In some mills it 
IS the practice to give another lye-boil after the goods come from the 
chemic or solution of bleaching powder or hypochlorite. Goods 
intended for the market bleach must also pass through a scries of 
careful finishing operations after the bleaching proper, such as starch- 
mg, filling, steaming, beetling, calendering, etc. The madder bleach 
was so called because it was intended for goods to be subsequently 
flyed or printed with madder; in place of madder, alizarines are at 
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Fig. 213.— Six Burner Singeing Macliinc (Text. Fin. Mchy. Co.). 


the present time employed for the production of Turkey Red. It has 
been found that the best results with this color cannot be obtained 
unless all the impurities in the cotton are completely removed, hence 
bleaching for this purpose must be very thorough. 
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In cotton cloth, besides the natural impurities present in the fiber it- 
self, there is nearly always more or less sizing material, grease, and 
dirt from the weaving, etc.,^ which also have to be removed in the 
bleaching; hence the problem is somewhat more complex than with 
yarn bleaching. 



Fig. 214. — Singeing IMacliine (German Type). 


2. Marking and Stitching. 

The first process which the cotton pieces pass through preliminary 
to bleaching is marking^ and stitching; the several pieces varying 
from 50 to 100 yards in length arc stitched together by means of spe- 
cial sewing machines, and certain marks are also placed on the pieces 
in order that they may be subsequently identified for one reason or an- 
other. After stitching and marking, the pieces are then rolled up in 
large bales containing several thousand yards but not too large to be 
inconvenient in handling. 

* The foreign materials to be eliminated in the bleaching of cloth are as follows: 

(a) Sizing, including glue or gelatine, starch, albumen, sugar, and gluten. 

(b) Diit and dust. 

(c) Grease and fatty matters, 

(d) Metallic soaps. 

(e) Coloring matters contained in the fiber. 

(f) Resinous matters. 

* The ink used for the marking of cotton cloth in bleaching may be made by dissolving tar 
in turpentine, or from a mixture of caoutchouc, benzine, and lampblack. This ink must be 
capable of resisting ’the boiling-out operations. 



BLEACHlNi: 


412 


3. Singeing. 

This process is for the purpose of removing the loose hairy fibers 
projecting from the surface of the cloth, and thus give it a smooth, 
even, and clean looking face. Generally, only one side of the fabric is 
singed, though in some cases both sides may require it. Calico which 
is afterwards to serve for print cloth is nearly always singed, other- 
wise the fine lines and traceries of a delicate pattern would be de- 
stroyed by the unevenness of the surface of the cloth. There are three 
methods by which singeing may be effected: (a) plate singeing; (b) 
roller singeing; (c) gas singeing. The method in plate singeing is to 



Fig. 215 — Singeing? Machine (French Type). 


pass the cloth rapidly over a very hot plate, which will burn off the 
nap and yet not injure the general surface of the goods. The sys- 
tem is usually carried out by using two curved copper plates, arranged 
side by side, and heated cither by a furnace or by a gas or oil flame. 
The cloth is drawn rapidly across these two red-hot plates, being held 
down against their heated surface by properly controlled rollers; 
Directly after leaving the plates the cloth is passed between two per- 
forated steam pipes, or through a small trough of water, for the pur- 
pose of extinguishing any sparks which may still be adhering to the 
surface, as otherwise holes mav be burnt in the fabric. The singeing 
plates are covered with a hood to carry off the sparks and products 
of the combustion. There is generally difficulty in obtaining even 
singeing by the u.se of red-hot plates, on account of not being able to 
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heat the plates with sufficient uniformity. By the use of a lono- humtnn. 
gas or 0 . flame playing through the plate\ more even e^sufe 3 
obtmned tlian when the plates are heated with a furnace. 

£minfr° nni IS earned out in very similar manner to the fore- 

going, only instead of using stationary curved plates, the heated sur 
face IS a hoi ow revolving cylinder. The advantage of this over the 

o ’r f ‘ singeing is more uniform, as it is possible 

to heat the cylinder more evenly than the jilates, also the pieces can 
be singled twice on the same side in one operation. 



Fig 216 --Diagram of Singeing Macliinc. 


Biin^pn passing the cloth through a 

o-onrk" arranged in a long row across the width of the 

Tn - onietimcs several series of flames arc employed, the cloth be- 

ventrt?*^- containing water which pre- 

mak! overlicated; the use of the small rollers is to 

imv bl fl r possible so that it 

may be the more readily burnt off. 

cloth 'wLrl foe and heavy 

e otii, whereas gas singeing is preferred for light and thin cloths. It is 
also more convenient to operate and control 

that tb is that there is danger 

mience of f - at a uniform temperature, in conse- 

MS cln ‘ unevenly singed. It is claimed that 

gas singeing gives more even rc.sults, and especially with corded or 

introduced by Hall of Nottingham, 
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that the steeping may be dispensed with without altering an any way 
the character of the bleach.^ 

In recent years malt preparations have been extensively used in 
the steeping process as these quickly solubilize the starchy matters 
present in the size and also the natural gums of the fiber. 

In some establishments it is the custom to add a little soda ash to 
the steeping water (about i lb. of soda ash to lOO lbs. of cotton cloth). 
Spent lye ]i(]uors may also he em])l()yed for steeping, but they do not 



220. — Two Burlier Gas Singeing Machine (English Type). 

appear to possess any advantage over hot water alone. After steep- 
ing, the goods are usually run in the chain form, and are conducted 
continuously through the succeeding operations from one process to 
the other, guided by means of porcelain pot-eyes. If the goods have 
been steeped in hot water, they should be washed afterwards in order 
to remove the soluble starchy matters. 

5. Washing in Cloth Bleaching, 

As nearly all of the bleaching operations are followed by more or 
less thorough washings, it will be well at this point to consider the 
process of washing in itself, and the remarks here made will suffice 

*For fuller discussion of the subject of steeping as a process in bleaching and the use of 
malt preparations for this purpose, see page 225. 
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for all succeeding operations of washing. In the proper washing of 
the goods lies, to a great extent at least, the success in bleaching; and 
many faults are liable to arise from insufficient or improper washing. 
The washing after sleeping is for the purpose of completely removing 
the fermented starchy matters which arc quite soluble at tliis point ; 
if the washing is incomplete, however, these substances on coming in 
contact with the alkaline liquors to which the cloth is next subjected 
may be so changed as to become insoluble a.qain and offer considerable 
difficulty in the way of removal. After boiling in alkali, the washing 
accomplishes a double purpose; in the first place, the boiling lye 
changes the resinous and waxy matters of the cotton into soluble sub- 
stances, of which, however, only a portion are removed by the alkaline 
liquors themselves; the remainder must be removed by proper wash- 



Fjg. 22T — Section of Exhaust Chanihcr and Burner. 

ing, especially as the internal parts of the fiber are saturated with these 
substances, and if allowed to come in contact with the bleaching and 
acid solutions which follow the boiling in .alkali, these matters will be 
deposited within the fiber as insoluble bodies, and the bleaching will be 
imperfect. The excess of alkaline liquor is also removed by the wash- 
ing, and it is important that none of the alkali be left in the goods, 
especially if they arc afterwards much exposed to the air, as under 
these conditions, oxycellulose will be formed, thus damaging and stain- 
ing the fabric. Hence, the washing operation should follow reasonably 
soon after the treatment with alkali, and this is also the case for any 
of the other processes, and especially the goods should not be allowed 
to dry, even in places, before washing, as this will nearly always result 
in imperfections. 

After treatment with the chloride of lime and acid solutions, the 
washing is chiefly for the purpose of removing cxce.ss of chemicals 
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from the cotton, the retention of which would lead to damage of the 
goods, as the fiber saturated with such chemicals on exposure to the 
air is rapidly tendered. Also the washing prevents the too violent re- 
action which might take place between two chemicals on coming in 
contact with each other within the fiber, a condition which would 
surely be harmful. After boiling in lime, for instance, the goods are 
treated with an acid bath, for the purpose of removing the excess 
of lime; if the goods are not washed before being placed in the acid 
bath there will be a considerable quantity of lime which combines very 
vigorously with the acid, and the reaction may be sufficiently violent 
to do injury to the cotton in places. Washing after the bath of chloride 



of lime is also very essential, for if the fiber still impregnated with 
bleaching powder solution is brought in contact with acid, a con- 
siderable quantity of chlorine will be liberated within the fiber and 
produce bad places in the goods. Finally, after acid treatments, a 
washing is always indispensable, for if any acid is allowed to rernain 
in the goods, on drying or even on continued exposure to the air, a 
tendering of the fiber will rapidly take place. ^ 

The washing of goods may be carried out in three different ways: 
(a) in a wash wheel, (b) in a wash stocks or mill, and (c) in a roller 
machine for either rope form or open width. The last method is the 
one most usually practiced at the present time, although the other 
methods may have certain features which recommend them for use in 
special cases. 

(a) The wash wheel consists of a large perforated drum set up on 
a horizontal axis, and revolving slightly submerged in a lank of water. 
The drum is divided internally into four compartments, each with an 
opening for the introduction of the cloth to be washed. The water is 
introduced through the hollow axis, which is perforated for this pur- 
pose. I he impregnation of the cloth is assisted by the goods falling 
about as the drum rotates. For a wheel of about (F/z feet in diameter, 
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the speed should be 20 to 22 turns per minute, and the flow of water 
about 50 gallons per minute. Such a machine would carry about 25 
lbs. of cloth in each compartment, or 100 lbs. altogether. Wheel wash- 
ing is not used so much as roller washing, but in some instances it is 
employed for very fine fabrics, as by this method there is not as much 
wear on the goods as when washed in the roller machine, and also 
there is less opportunity of the goods becoming damaged.® It is also 
extensively used for washing small pieces, such as handkerchiefs, em- 
broidery, ribbons, etc., which cannot be manipulated very well in the 
roller machine. Washing with the wheel is more expensive than 
roller washing, as it requires more labor and more time. The time 
required for washing in the wheel varies with the operation just pre- 
ceding the washing, but the following is given by Tailfer as a working 
standard : 


Previous operation 

Steeping 

Lime boiling 

Sour after lime 

Lye boiling 

Chloride of lime 

Sour after chloride of lime 

Last washing before finishing 


Time for washing, 
Minutes 
10 

151020 
15 to 20 
12 

. . 12 

• . 15 

20 


The second method of washing is by means of stocks. Tin's con- 
sists of a shallow bowl in which works a wooden hammer or plunger. 
The goods to be washed are placed in the bowl and are systematically 
squeezed and beaten by the moving plunger. In each drum or bowl 
there are usually two plungers working alternately. When the plunger 
is raised water enters the bowl and saturates the goods, and when the 
plunger falls the goods are compressed and the water is squeezed out 
and drains oflf. In an average machine the width of the bowl is about 
feet, and the width of the plunger about 2 feet; and the plungers 
strike about 30 blows per minute. Each bowl will hold about 150 lbs. 
of cloth, and the amount of water necessary is about 65 to 90 gallons 
per minute. According to the nature of the goods and the operation 
preceding the washing, the time for washing in the stocks will vary. 
Tailfer gives the following standards from practice: 


Previous operation 

Steeping 

Lime boiling 

Sour after lime 

Lye boil 

Chloride of lime 

Sour after chloride of lime.. 
Last washing before finishing 


Time for washing, 
Minutes 

30 

40 

35 

30 

30 

35 

45 


Washing with stocks is an excellent method as the water is made 
to penetrate very thoroughly by the pounding of the hammers; it is not 

• Wash wheels were once quite extensively used even for the washing of cloth, especially in 
England, but at the present time they are no longer used except for special purposes. 
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biG. 224.-Gas Sinftring Machine with Brush Rolls and Fitted for Benzol Ga 

Apparatus. 










!(.. 2J5 . in^eing Machine with Drying Cylinders and Steaming Arrangement, 

.ylaptcd however, to heavy pjonds, and is mostly employed for wash- 
in^ small pieces. This method is much more costly than the roller 
process, and generally this consideration alone prohibits its use. 

nothcr form of the stock or hammer washing machine is the 
so-called tom-tom which consists of a vat or container for the goods 
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which is made to automatically move backward and forward while the 
goods are being subjected to the action of falling hammer blows. The 
machine is also made in the form of rotating circular vat with alternat- 
ing hamrners rising and falling. This method of washing is still used 
to a considerable extent for lacc goods and similar articles which can- 
not be satisfactorily washed in the roller washer. The pounding ac- 
tion of the tom-tom is not as severe as that of the stocks as the action 
is distributed more evenly over all parts of the material. The beaters 
or hammers are raised by means of suitable cams and are then al- 
lowed to fall of their own weight. 



I- 1(’,. 22 (). — One I’unier Sin^ring Maeliine willi Apparatus. 


\ ery often, in order to economize both labor and time, the wash- 
ing of the pieces is conducted in the same kiers as the steeping, boil- 
ing, etc.; the previous bath being run off and fresh water admitted 
and circulated through the goods in the same manner as the previous 
bath. This method, however, is seldom very satisfactory as the wash- 
ing is by no means as thorough as it should be, and portions of the ma- 
terial will be incompletely washed, so that subsequently stains and un- 
even places are liable to form. 

The roller washing machine consists essentially of two wooden 
cylinders turning on each other; the lower one being turned by power. 
The machine contains below a trough for water, the latter being in- 
troduced in the form of a spray or sliower over the goods. The cloth 
in rope form is passed through the machine spirally so as to be car- 
ried through the water several times and is held in place by a sub- 
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merged f-oller underneath the water in the tank. On the upper roller 
of the machine at each end there are situated two short heavy rollers 
serving the purpose of squeezing the cloth as it enters and comes from 
the machine, the pressure on the two rollers being adjustable by means 
of sliding weights. In order to prevent the goods from sticking to the 
rollers and being drawn in and around with them, thus causing damage, 
the machine is provided in the forward part with a rotating reel, which 
revolves somewhat faster than the wash rollers, and thus is continually 
drawing the goods from the rollers. In some forms of washing ma- 



chines, two or more strands of cloth may be passed through at once, be- 
ing guided in their course by . means of wooden pegs. Washing ma- 
chines may be either of the tension or non-tension varieties; in the for- 
mer the goods are stretched by passing around a roller located at the 
bottom of the water tank, whereas in the non-tension machine several 
yards of the goods are left slack in the water. The tension machine 
is used for heavy goods which are stiff and will not sink in the water 
readily, and is also used when the goods are passed through the 
machine very rapidly to prevent them from becoming entangled. The 
non-tension machine is used with light souple goods that readily sink 
and also when washing at low speed. By leaving some of the cloth 
slack in the water it has more chance to work about and the water 
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penetrates much better. Tension machines must be used when the 
cloth is run at a velocity of 400 to 500 feet per minute, and non- 
tension machines when the velocity is only 200 to 300 feet per minute, 
although when very bulky pieces arc being washed the speed may be 
reduced to 50 to 100 feet per minute. In order to increase the life of 
the wooden howls and also to give them a better surface for drawing 



Fjg. 228.— Water Mangle or Squeezer ( I- rench Type). 


in the cloth, they are often covered with hemp rope.^ As the rope 
wears down it may be easily renewed and thus the diameter of the 
roller is kept constant. In most machines the lower or main roller is 
about two feet in diameter, and the upper one, which merely serves to 
press the goods on the lower roller, about one foot to eighteen inches in 
diameter. In order to prevent the rollers from wearing in grooves by 
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the cloth always passing over the same place, the ladder of wooden 
pegs which guides the pieces should be moved backwards or forwards 
from, time to time, and thus change the position of the cloth. The best 
wood for making the wash rollers is beech, plane, or cypress, and the 
wood should be well seasoned and have been preserved for a long 
time under water. 



F](,. — Rollin,!.; Machine for Bleaclied Cloth (Curtis & Marble). 

The manner of introducing the water in washing is of importance, 
the best way being to have the exit pipe at the end where the goods 
enter and the water is introduced at the end where the goods leave, as 
in this manner the pieces will come in contact with pure water at the 
moment of exit. The rate of flow of water will naturally depend on 
the speed v/ith which the goods are run through the machine, but in 
general it will require from 150 to 225 gallons per minute. The num- 
ber of times liie goods should circulate through the .string tub washer 
should be at least 8 to 10, and hence the rollers should be 10 to ii feet 
in length. 



Fig. 230. — Overhead Folder (Curtis h Marble). 


Besides the string tub machine for cloth in the rope form there is 
also used a washing machine for cloth in the open width. This ma- 
chine usually consists of a scries of several tanks with squeeze rolls 
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between and provided with submerged guide rolls. The cloth is led 
continuously through the machine and frequently there are provided 
specially constructed appliances to beat the cloth and whirl the water 
forcibly against it to bring about more rapid and thorough washing. 

6. Composition of Effluent Wash- waters in Cloth Bleaching. 

Naylor® gives the following analyses indicating the general nature 
of the various effluent liquors from the different operations in cloth 
bleaching, in works where the lime and soda ash process of boiling- 
out is practiced : 


Volume 

Gallons 

Wash-water 

Dissolved Solids 

Suspended Solids 

Total 

Solids 

Acidity Normal 
NaOH required 

Alkalinity Nor- 
mal H2SO4 re- 
quired 

Min- 

eral 

Vola- 

tile 

Total 

Mm ! 
eral 

Or- 

ganic 

Total 

Farts per 100.000 

l>nrf 



Water supply from reservoir 

8 0 

10 3 

18 3 




18.3 

1 00 Neutral 

20,000 

First wash, or steep 

42 9 

145 I 

188 0 

16 4 

55 9 

72 3 

260 3 

0 2 


1,600 

Waste lime liquor 

134.1 

6138 

748.1 

Q 0 

10^ 0 

1 14.0 

862 I 


1.4 

20,000 

Wash from lime Icier.. 

22.8 

2S 7 

48 5 

6 8 

9 7 

t6.5 

65 0 


0 3 

T .600 

First (gray) sour 

28S9 

131 4 

420 3 

8 8 

55 9 

64 7 

48s 0 

32.7 


10,000 

Wash from gray sour, . . . 

42.7 

22 0 

64.7 

3-4 

10 7 

14.1 

788 

I 5 







included with 




1,400 

Waste soda ash liquor , . . 

802. 1 

556.4 

1358 5 

dissolved solids 

1358 8 


10 I 

20,000 

Wash from soda ash 

.30 7 

20 2 

50 9 

3 0 

9 0 

12 0 

62 9 


2 0 

1,600 

Waste chemic 

r ia.3 

29 8 

144 I 

8.6 

n .5 

20.1 

164 2 


0.3 

t, 6 oo 

Second (white) sour 

126 s 

47.5 

174.0 

1.2 

7 I 

8.3 

182.3 

10 9 


20,000 

Final wash 

8 2 

12 I 

20 3 

2 9 

112 

74 1 

34.4 

0.3 



7. Hydro-extraction. 

Frequently after washing, the goods are squeezed or hydro-ex- 
tracted in order to remove the surplus water from the fiber, the re- 
tention of which would otherwise dilute too much the action of the 
chemicals of the succeeding bath. If this water is not removed after 
washing, the strength of the next bath, whether alkali, hypochlorite or 
acid, must be increased in order to obtain the proper results, and in 
this way the cost of the operation would be increased perhaps far be- 
yond the added expense of squeezing. Sometimes the washing ma- 
chine itself is provided with an attachment for squeezing the cloth as 
it passes out; at other times a special squeezing machine or water 
mangle is used. This merely consists of weighted squeeze rollers play- 
ing on a hard rubber roller under pressure. Another method is to use 
a centrifugal machine or hydro-extractor, or as it is frequently called, a 
“whizzer.’' This consists of a perforated cage mounted on a verti- 
cal shaft which is rotated very rapidly. The goods are placed in the 
cage and the excess of water is thrown off by means of the cen- 
trifugal action of rapid rotation. The motion may be communicated 
to the shaft by means of friction cones or other suitable arrangements ; 
in some cases the shaft is driven directly by means of a small attached 
engine. The use of hydro-extractors does not cause any wear or in- 

*Jour. Soc. Dyers & Col., 1896, p. 98. 




Fig. 231. — Revolving Expander for Bleached Cloth (French Type). 


There is also a form of ccntrifiijral hydro-extractor used for cloth 
ill the open width and wound on a cylinder which is made to rotate 
very rapidly. There is also another machine for open-width goods 
where the pieces are passed over suction pipes connected with a 
vacuum pump. Neither of these machines, however, is much used 
for cotton goods. 


8. Bleaching with the Mather-Platt Kier. 

In this system a specially constructed kier is used together with a 
modified method of bleaching originated by Koechlin. In the boiling- 
out process, the lime and soda ash boils are dispensed with and re- 
placed by a single lye boil with caustic soda and resin soap, and in some 
cases even the latter is omitted. The kier consists of a large cylinder 
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of wrought iron and placed horizontally; one end is provided with 
a door capable of being screwed down steam-tight. The goods arc 



b'lG. 27 , 2 - Friction Calender for Bleached Goods. 

packed into iron wagons provided with false bottoms, and usually of 
such a size that the kier will hold two wagons. These wagons arc 



Fig. 233. — Doubling and Folding Machine for Bleached Goods. 

run into the kier on rails, after which the door of tlie kier is closed 
and the air is dnven out by the admission of steam. The caustic 
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liquor is then pumped into the kier and spread over the ijoods in the 
wagons by means of a spray. After passing through the goods the 
iquor collects m the false bottom of the wagon and is pumped back 
over the goods again. The caustic liquor is heated by means of a 



T'k:. 2J4.— Thies Pleaching Installation for Cloth. 


s onm f°' "" ! ’e kier, or it may also be heated by direct 

steam from a perforated cod. In order to prevent the dilution of the 
that dJ condensed steam on the inside of the kier, it is so arranged 
tna the water thus condensed runs down tlic sides of the kier into an 
outlet pipe which does not communicate with the lye. The amount of 
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lye required for this kier is about 20 gallons per 100 lbs. of goods. 
Usually the kier is run for an hour at a boil under ordinary atmos- 
pheric pressure, then the pressure is raised and the boiling continued 
for 6 to 8 hours. The steam is then shut off, the caustic liquor re- 
moved, and the goods are washed in the kier by circulating water in 



Fig. 235. — Continuous Chcmicking and Souring Apparatus for Thies System. 


the same manner as the lye. First a wash is given with about 25 gal- 
lons of water per icx) lbs. of goods; after this has circulated for 
hour it is run off, another 25 gallons of water per 100 lbs. of goods are 
run in, and the washing repeated. The wash waters are heated in the 
kier by steam. After the washing is finished, the door of the kier is 
opened and the wagons are run out, and the goods are then passed 
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tlirough the treatments with chloride of lime, acid, etc., as usual. The 
advantage of using the Mather kier is that the fabrics may be boiled- 
out rapidly by the use of caustic soda without risk of injury. Caustic 
soda has a much more energetic action than soda ash or lime, and a bet- 
ter white is obtained in a fewer number of operations. The ordinary 
kier cannot be employed for this method of boiling as caustic soda 
in the presence of air will rapidly cause injury to the cotton; but in 
the Mather kier the air is all expelled by means of steam before the 
caustic liquor is run in. It is also a good precaution to saturate the 
goods with caustic soda before entering tlic kier, so that less air will 
be introduced. There is also a considerable saving in water, time, 
labor, and power in the operation of this kier. 

Koechlin gives the following details for the working of this proc- 
ess in connection with the kier: The pieces in the gray are passed 
through sulfuric acid at 2° Tw., and left in the acid for lo hours, after 
which they are washed and passed at 170° F. through a solution con- 
taining 45<' gallons water, 55 lbs. caustic soda, and gallons sodium 
bisulfite (64^^ Tw.) for every 250 pieces of 100 yards each. The goods 
arc then packed evenly into the wagons and run into the kier, where 
they are treated for 8 hours under 7 to 15 lbs. ])rcssurc with a solu- 
tion containing 500 gallons water, 66 lbs. caustic soda, 88 lbs. soda ash, 
and 44 lbs. rosin. Then the goods are washed in the kier several times 
with water. 

Mather and Platt have recently devised a system of bleaching 
in the open width, or rather in rolls. The cloth is saturated with a so- 
lution of alkali and wound on a specially constructed roller pro- 
vided with a [>erforated end plate and suction chamber; the roll is 
then run into a special form of kier which, it will be seen, is of the 
horizontal type uith a valve door capable of being made steam tight 
and working under 40 lbs. pressure. After the carrier containing the 
roll of cloth is run into the kier the door is closed, and the boiling-off 
or alkaline liquor is circulated through the gO(-)ds by means of a centrif- 
ugal pump; the principle of the circulation being that the lupior is 
drawn from the suction chamber behind the perforated plate at the end 
of the roll, the whole of the cloth being submerged in the liquor while 
the roll with perforated plate is slowly revolved during the boiling; 
thus a thorough circulation of the liquor takes place longitudinally be- 
tween the folds of the cloth on the roll from selvage to selvage. After 
the boiling-out with alkali is finished, the licjiior is drawn off and water 
is admitted and circulated in the same manner. The goods are then 
removed from the kier and placed in a chemic tank, so connected with 
the roll and its perforated plate that the bleaching liquor is circulated 
in the same manner as the licpiors in the kier. The fittings of this open 
bleaching bath are of such a character as not to be acted upon by 
acids, alkalies, etc. After the chemicking or chloring operation is com- 
pleted, the rinsing, souring, and washing operations are carried out 
in the same bath without removing the roll of goods. After the bleach- 
ing operations are through, the roll is removed and the cloth is wound 
off, passed through squeeze rolls, and finally over drying cylinders. 




BLEACHING 


434 

9. Other Methods in Bleaching Cotton Cloth. 

In order to lessen the time required for bleaching and also to lower 
the cost due to labor, various methods of continuous bleaching have 
been suggested/ The Mather-Thompson continuous bleaching appa- 
ratus consists of a long Icier composed of 15 partitioned compartments, 
and is built for use of goods which have been boiled out in the Mather 
Icier. In the first compartment the goods are run through hot water; 
in the second through chloride of lime at 2° Tw. ; in the third through 
carbonic acid gas; in the fourth, fifth, and sixth through cold water 
for washing; in the seventh through a solution of soda ash at 75° F., 
and containing about i lb. per 100 gallons; in the eighth, ninth, and 
tenth the goods are washed again with water ; in the eleventh through 
chloride of lime at Tw. ; the twelfth, through carbonic acid gas 
again ; the thirteenth, fourteenth, and fifteenth through i percent solu- 
tions of hydrochloric acid. On leaving the machine the goods are 
washed as ordinarily, and dried. The use of the carbonic acid gas 
is to cause the chloride of lime to act more rapidly on the coloring mat- 
ters, through the liberation of free hypochlorous acid in the fiber. 
Instead of carbonic acid gas, weak solutions of acetic acid may be used 
to effect the same results. 

The Tides system of bleaching cloth has been received with con- 
siderable favor in Germany. It is a continuous process and is said to 
have the advantage of grcatlv reducing the labor required. The gen- 
eral scheme of the process is illustrated in Figure 236, showing the ele- 
vation and floor plan of the various machines. After singeing the 
goods are first soured and then washed in a continuous apparatus. 
They are then boiled in the kier and then taken through a second con- 
tinuous washing, chemicking and souring to the final stage of fin- 
ished goods. The chemicking and souring machine is shown in Figure 
235, together with the mechanical plaiter in the form of an elephant’s 
trunk. The special kier used in this process has already been described 
in preceding pages. The washing apparatus is shown in Figure 236, 
and is also of special design. The boiling-out is conducted at high 
pressure (45 lbs.) and with concentrated alkaline liquor (caustic soda 
solution of 6-714° Tw.). 

Professor Koechlin has introduced the following method of bleaching, by which it is 
claimed that a better white can be obtained than with chloride of lime and with less damage to 
the fiber. The cotton is passed through a bath of loo liters of water, lo kilos, of lime, 
and 50 kilos, of sodium bisulfite. The material thus impregnated is then steamed for one to 
two hours under a pressure of from one to two atmo^neres. Instead of steaming, the 
cotton may be boiled in the bath for several hours. The exact rationale of this method 
is not clearly understood, and the author has not been able to discover that it has been 
used to any extent in practice. 



Chapter XXII. 

The Bleaching of Special Cotton Fabrics. 

I. Bleaching of Knit-goods and Hosiery. 

Wliitc cotton knit-goods (hosiery, underwear, etc.) may be knit 
from bleached yarn or from gray yarn and then bleached in the piece. 
In the former case the bleaching of the cotton is carried out in the 
same manner as for any purpose of yarn-bleaching, care being taken to 
keep the fiber in as soft and lofty a condition as possible.^ There is 
only a comparatively small proportion of hosiery bleached, as this ar- 
ticle is most largely marketed in the dyed condition. Underwear, how- 
ever, is very largely bleached at the present time, and this is especially 
true of knitted underwear fabrics of the medium and lower grades 
which are made from carded cotton yarns. These yarns contain quan- 
tities of motes and are in general of a dirtier character than the higher- 
grade combed yarns, consequently in order to obtain a knitted fabric of 
pleasing appearance it is necessary to resort to bleaching. In a great 
deal of knitted underwear from combed yarn a bleached yarn itself 
is used, but ii fabrics made from carded yarns it is very seldom that 
bleached yarns ,ire employed, and consequently the bleaching is done 
in the knitted piece. Bleaching in the piece is also more and more 
being resorted to in the case of combed yarns, as it is not only cheaper, 
but also due to the fact that there is always more or less staining and 
dirt accumulation in the knitted fabric in the various manufacturing 
operations through which the material has to pass, a yarn-bleached 
fabric is not as clean as one bleached in the piece after manufacturing. 
On the other hand, there are certain disadvantages of bleaching in the 
])iccc. When the fabric is knit from a previously bleached yarn and 
not processed to any extent after manufacture, the structure of the 
fabric will retain more perfectly its arrangement and alignment, 
whereas when the manufactured fabric itself is bleached, it passes 
through a variety of operations in which it is subjected to considerable 
tension and strain, consequently the structure of the fabric is more 
or less distorted and this has to be corrected by proper stretching in 
drying, and this, of course, reduces the elasticity of the garment. 

There are two general methods of bleaching knit-goods, the first 

' In the consideration of the bleaching of different varietie.s of special fabrics it is 
difficult to avoid a certain amount of repetition in the description of the processes and at the 
same time preserve the proper unity and order in the .sequence of the operations. _ The details 
and principles underlying the operations have been fully discussed in tlie preceding chapters, 
and therefore in the description of these particular phases of the subject only the more 
Htneral outlines are given. Even under these circumjstances, however, a certain amount of 
repetition has been unavoidable, though its necessity will be appreciated by the critical 
reader in the proper presentation of the subject. 
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with peroxides and the second with hypochlorites. The former proc- 
ess is generally used on high-grade fabrics where the relatively higher 
cost is warranted, whereas bleaching with hypochlorites is generally 
practiced on medium and low-grade fabrics and more especially on 
those made from carded yarns. In this case, the chief function of 
the bleaching process is to destroy and remove the motes, and this can 



Fig. 238. — Continuous Washing and Scouring Machine for Hosiery (Pcgg). 


only ])e successfully accomplished by thorough boiling-out and then 
bleaching with hypochlorites. The peroxide method >ields a product 
which is softer and more lofty in character and preserves much 
better the elasticity of the fabric; also in the case of luster-yarns, such 
as mercerized cotton, the high finish of the fiber is better preserved. 
The hypochlorite method, on the other hand, is considerably cheaper 
and also gives a whiter bleach. 

2. Peroxide Method of Bleaching Knit-goods. 

When bleaching with the peroxide method, the t)reliminary boiling- 
out of the cloth is usually done with a soap solution or with a solu- 
tion of soluble oil, such as Turkey-red oil, Monopolc Oil, etc., the 
operation being conducted in an open string-tub machine. A solution 
containing from 2 to 5 percent of soap on the weight of the goods 
is used, and the cloth is run in this bath for one hour at a temperature 
of 180° to 200° F. The goods are then thoroughly washed with hot 
water which should be as soft as possible. If hard water is used, the 
soap residues are liable to be precipitated in the cloth and streaks and 
stains may be developed in the bleached goods. The bleaching with 
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peroxide is conducted by the use of either hydrogen peroxide or 
sodium peroxide. Generally a percent solution of peroxide is em- 
ployed, though in some cases as high as a i percent solution is used. 
For the preparation of a percent solution, i gallon of hydrogen 
peroxide liquor (as purchased in carboys and containing 3 percent of 
active peroxide) is used for each 5 gallons of water in the bleaching 
bath; for a i percent solution, of course, just twice the quantity of 
hydrogen peroxide is added. Also sufficient ammonia or sodium 



Pig. 239. — Wooden Machine fur Washing and Bleaching Hosiery. 


silicate is added to the bleaching bath to give a decided alkaline reac^ 
tion. The bleaching operation may be conveniently carried out in a 
lead-lined roller washing machine, the cloth being run in a continuous 
rope form for an hour at a temperature of 160® F., and then sunk 
down beneath the liquor for 6 to 8 hours, keeping the temperature at 
about 120° to 140° F. Frequently the bleach is completed by running 
the goods for an hour at nearly a boiling temperature. The cloth is 
then removed and run through a washer and thoroughly rinsed with 
warm water. Often a clearer white can be obtained by adding a small 
quantity of oxalic acid to the wash water. When sodium peroxide is 
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employed, the bleaching bath is prepared in the usual manner as de- 
scribed on page 370. 

3. The Hypochlorite Method for Bleaching Knit-goods. 

In the hypochlorite bleaching process, there are two main points 
to be considered — firstly, the boiling-out with alkali ; and secondly, the 
bleaching proper with chemic, which may take the form of a number 
of different hypochlorite solutions. A long experience has shown that 
by far the principal factor in the successful bleaching of knitted fabrics 
made of low-grade carded yarns is a thorough and well-understood 
lx)iling-out. If the boiling-out operation is incomplete or improper, 
the motes cannot be satisfactorily removed, even though the subsequent 
treatment with chemic be sufficient to produce a good white color in 
the fiber. Furthermore, the less perfect the boiling-out, the more vio- 
lent will have to be the action of the chemic; stronger solutions of 
both chemic and acid will have to be used, with a consequent danger 
of tendering the goods and making them harsh and stiff. Besides this, 
the cost of the bleaching will be much higher than when a better boil- 
ing-out is given. 

4. Boiling-out of Knit-goods. 

There are a number of methods of boiling-out in vogue for knit- 
goods, the particular method used being more or less dependent on the 
conditions in the case, and the experience and personal caprice of the 
bleacher in charge. The older process of boiling-out, and one which 
is still largely in use, employs open wooden kiers. The goods are 
folded down in a continuous chain in these kiers, which are merely 
large round wooden tubs provided with a perforated false bottom, and 
a slatted wooden top to hold the cloth in position during boiling. The 
liquor is circulated by the force of steam injectors in one or several 
pipes placed on the outside of the kicr and connected with the well 
at the bottom of the kier beneath the false bottom. The liquor em- 
ployed for boiling-out consists for the most part of a solution of caus- 
tic soda, from 3 to 6 percent of the alkali on the weight of the goods 
being employed. In connection with the caustic soda there may also 
be used silicate of soda (from i to 4 percent), soda ash (from i to 3 
percent), and sometimes soap and Turkey-red oil (soluble oil) are also 
used. Sometimes proprietary “bleaching assistants” arc used in con- 
nection with the caustic soda. These compounds are mostly composed 
of an intimate mixture of caustic soda, soda ash, and silicate of soda 
finely ground together and sold to the bleacher at a high price. In 
some cases they are quite efficacious, but their cost is high, and the 
bleacher could make up the same mixture himself at a much lower 
cost. In other cases, these “bleach assistants” are distinct frauds, be- 
ing composed of caustic soda ground up with common salt and glauber- 
salt, with more or less soda ash, and their boiling-out value is really 
considerably less than ordinary caustic soda and soda ash. 

In the open-kier method of boiling-out it requires from 10 to 12 

* See page 279 for detailed description of kiers. 
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hours (usually overnight) to obtain a satisfactory treatment of the 
goods, and this long time in contact with the hot alkali has a tendency 
to make the cloth harsh, and also to decompose the cotton-wax on the 
fiber into resinous bodies which may discolor the goods and which are 
difficult to wash out. The use of soaj) and soluble oil will lessen these 
defects and leave the goods whiter and softer after the boil. The 
open-kicr method also requires a relatively large quantity of chemicals, 
and a high consumption and waste of steam. Owing to these disad- 



I'lc. 2(0.- Koll Machine for Itleaching Knit-goods (Kalndcr-Weldon). 

vantages many bleachers of knit-goods have introduced closed kiers 
working under pressure (usually from 10 to 12 lb. steam pressure). 
Such kiers are constructed of iron, and the circulation is produced in 
a variety of ways. In some, a central inside vomit pijie runs from the 
hoi tom well of the kier, and the liquor is forced up this pipe by a 
steam injector, and is sprayed over the top of the goods. In other 
kiers, the circulation pipes are on the outside and the li((Uor is forced 
around by a special form of steam injector valve. In another variety 
f quite popular in England) the circulation is produced by a pump, and 
the liquor is forced through an outside chamber containing a beating 
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coil. A later form of kicr, and one which is becoming very popular on 
account of its novel and economical method of operation, circulates the 
liquor by means of a vacuum chest.^ In this chest there is first ad- 
mitted high-pressure steam which operates an automatic cut-off valve 
when a certain pressure is reached. At this point connection is made 
with the liquor at the bottom of the kier, which, coming in contact with 
the high-pressure steam, immediately condenses it, thus producing a 
vacuum which draws up the li([Uor from the kicr until the chest is 
full. This causes an automatic shut-off of the connection with the 
kier-liquor, and opens up the valve admitting the high-pressure steam ; 
and the latter both heats up the liquor and forces it over to the top of 
the goods within the kicr. A continuous cycle is thus obtained work- 
ing under automatic conditions.'* 

After the boiling-out operation has been completed it is essential 
that the knit-goods be given a thorough washing with water in order 
to remove the soluble and decomposed matters resulting from the action 
of the chemicals on the impurities in the fiber. These matters are 
brown in color and mucilaginous in character, and unless thoroughly 
removed from the cotton immediately after boiling-out and before they 
have had a chance to become dry, may lead to the formation of brown 
stains. This washing operation is usually conducted in the kicr after 
the boiling-off liquors have been run off."’ A further washing is usuallv 
given after the goods have been taken from the kicr and before they are 
treated with the chemic solutions for the bleaching proper.® 

5. Hypochlorite Treatment for Knit-goods. 

There are several methods in vogue for conducting the treatment 
with chemic. The older method, which is still largely employed, may 
be called the ‘Tontinuous process.” In this method the cloth is run out 
from the kier over a roller and through pot-eyes, and is carried into a 
tank containing the chemic solution, consisting of chloride of lime or 

• JcfTcrson-Walkcr kicr, ^e(* page 237 for detailed dost tipl ion The antninatu' tin.ul.ition 
of tlm kier is now rendered more positive by the use of an electrically operated valve 

♦The amount of (.hemirals used for boilmg-oiit knit-goods in this kier is comparatively 
small, 2 percent of eaustie soda, i percent of soap, and percent of soluble oil (on the weight 
of the goods) being a good proportion. 

“The wash-water employed for this purpose in the kiir should be hot, and not cold If cold 
v\atcr IS used there will lie daiigir of jireciintaling more or less the nnjiunties which have been 
dissolved from the cotton, though not yet removed from the kicr. The impurities existing 
in the cotton fiber consist mostly of so called pee tin matters. By the action of the alkali 
and oil which arc used in the kier for boiIing-out, an emulsification takes place. The resulting 
product is a brown, rather slimy mass, which, though soluble in warm water, is not very 
soluble in cold water. Consc(|ucntly, if cold water is run into the kier directly after the 
boiling-out has taken place, there will he considerable danger of a precipitation within the 
folds of the goods of this brown pectin matter, and this may he rather difficult subsequently 
to get rid of. and may give rise to stains, and very likely manifest its presence throughout 
the entire bleaching operation On this account it is strongly recommended to use hot water, 
especially in the first wash off after the hoiling-out has been given in the kier, and before the 
goods are removed from the kicr. This wash-water should he circulated through the goods 
for about 15 to 20 minutes. 

* It often happens that the water employed for washing contains some dirt or iron com- 
pounds, and as the cloth acts as a filter in the kier, stains may develop on the goods which 
are subsequently very difficult to remove in the bh .aching process. In such cases the goods 
should be well washed after being taken from the kicr, and a small quantity of muriatic or 
bulfunc acid should he added to the wash w.ater (about i ounce of acid to 10 gallons of water 
will usually he sufficient). It must he borne in mind, however, that after such an acid 
treatment, the goods should not he allowed to stand around and dry-out in spots, as otherwise 
tender places are liable to develop. Then is no danger, however, if the goods arc run 
from the acid bath immediately into the chtinic bath. 
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sodium hypochlorite at 2° to 3° Tw. The goods pass under a roller 
at the bottom of the tank so as to keep them submerged beneath the 
liquor during their passage. The cloth then passes out of the chemic 
tank through large squeeze rolls, so that the excess of the liquor returns 
to the chemic tank. The goods, however, must not he squeezed with 
too great a pressure, as it is necessary to leave sufficienl liquor in the 
cloth to do the bleaching. The cloth, now saturated with the chemic 





Imc. 2.p - Slaiiipinci Machine for F.lcachinq and Washing Hosiery. 

solution, is folded down in boxes or bins, and left undisturbed for 
from 2 to 3 hours, during which time the chemic solution acts on the 
cloth. Heavy goods naturally require a longer treatment than light- 
weight material. When the cloth has whitcnecl up sufficiently it is next 
run through a washing machine, entering one end of the washer and 
being carried up and down over rollers in a spiral manner until it 
comes ol'f at the other end of the machine. A good flow of fresh water 
must be continually running through the washer in order to remove 
as thoroughly as possible the excess of chemic, as well as the soluble 
products of the bleaching. 

6. Souring and Washing in Bleaching Knit-goods. 

After coming from the washer, the cloth is next led through a sour- 
ing bath for the purpose of decomposing the chlorine compounds still 
left in the fiber. The souring bath may consist of either a dilute solu- 
tion of sulfuric acid (vitriol) of about 1° to 2° Tw. strength, or of a 
solution of sodium bisulfite (antichlor). Usually 3 to 5 percent on 
the weight of the cloth will be required of antichlor. The antichlor 
is considered better than sulfuric acid, as it neutralizes more quickly and 
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completely the chlorine compounds in the fiber, and there is also less 
danger of injuring the goods; and, furthermore, the cloth is apt to be 
softer to the feel. After the souring operation has been completed it 
is necessary to give the cloth a very thorough washing with fresh water 
in order to remove comj)lete]y all trace of acid or antichlor, for if any 
acid were to be left in the goods, it would cause a weakening of the 
fiber on drying. 

After washing out all trace of acid it is generally the custom to 
soften the cloth by passing through a bath containing a mixture of soap 
and oil, or some specially prepared softener. In this treatment there is 
also introduced a small amount of blueing for the purpose of tinting 
the color of the bleach and throwing it off the yellow cast to a bluish 
lone. The cloth then passes through s(iucc/e rolls, and without further 
washing is hydro-extracted and dried. The continuous process of bleach- 
ing is open to several serious objections. In the first place the chemic 
and sour baths have to be used rather strong, and fresh quantities of 
the strong chemicals have to be added from time to time as the cloth 
passes through the baths, in order to keep them up to a uniform 
strength. This is very liable to cause spots and streaks on the cloth 
by reason of its coming in contact with the .strong chemic or acid. This 
is a very common defect to be found in this method of bleaching. 
Again, by its very nature, the process is uneven in its action, for the 
first end of the cloth coming from the chemic bath into the bin is the 
last end out into the washer, and con^eiiuently one end of the cloth gets 
a much longer treatment with the chemic than does the other end. 

7. The Discontinuous Method of Bleaching Knit-goods. 

In the second process of bleaching knit-goods in the roll, the chemic 
treatment is given by a different method. Instead of the goods being 
padded with the solution and then allowed to remain still for some time 
for the bleaching to take place, the cloth is run continuously in the 
liquor, and the goods are practically not exposed to the action of the 
air at all. This process is coming more and more into use on account 
of its superior features. In the lirst place, the sequence of operations 
is not interrupted ; when the goods are first placed in the bleacliing ma- 
chine they are run through the different operations of bleaching, wash- 
ing, scouring, and softening without interruption; that is to say, the 
goods do not have to he removed from the machine for any one of 
these operations. The following is the general method of procedure: 
After coming from the boiling-out kier, the goods are run over a reel 
in a so-called string-tub machine, d'his machine consists essentially of 
a wooden or cement tub provided with a large reel at the back and a 
pair of scpiceze rolls at the front. The rolls of knit goods are made 
up into separate chains, usually about three rolls of from 40 to 50 
yds. each to each chain, and machines varying in si/e from 8 to 20 
chains are employed. The separate strings of cloth arc run over the 
reel, down into the tub, and up to the squeeze rolls. Below the squeeze 
rolls are placed a series of finger bars or partitions for the purpose 
of keeping the strings separate and to prevent them from falling over 
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one another. The back of the tub must be so curved that as the cloth 
falls from the reel it will pile up evenly, and gradually fall downwards 
through the liquor in the tub. The front part of the tub is straight. 
The squeeze rolls and the reels should be so geared together that the 
reel runs slightly faster, so as to take up any slack in the cloth. The 
sequence of operations in bleaching in this form of apparatus is as 
follows : 

(i) A good washing is given the goods in the kier, and also after- 
wards when they are placed in the machine and before the bleaching 
operation takes place. 

The string of cloth is then run out from the kier over a reel and 
into trucks which are divided into several compartments, each com- 



Fig. 242 . — Cylinder for Washing ITosiciy. 


partment being of such capacity as to lake care of one string for the 
bleaching machine. It is not well to allow the goods to lie too long in 
these trucks before they are run on to the bleaching machine and wet- 
out with water. Otherwise some parts of the goods are exposed to 
the air, and as there is more or less of the impurities still existing in 
the goods which have not yet been removed, there may be an oxidation 
by the air which will cause a certain kind of brown stain to form. 
If the goods are left too long, especially in the moist and warm condi- 
tion, they will also be liable to the formation of mildew stains. As 
soon as the goods have been removed from the kier and placed in 
the truck the separate ends are run over the reel in the bleaching ma- 
chine and the machine filled up. Sufficient water must be placed in 
the bleaching machine to ensure the proper running of the goods. This 
has to be guided by experience. Too much water will cause the cloth 
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to float on the surface and thus cause the strings to become tangled. 
Also, if too little water is present in the machine, the cloth as it falls 
down and folds over will pile up irregularly and the piles will fall over 
one on top of the other. This will also cause crossing of the strings 
and tangling. The proper amount of water will also depend on the 
weight of the goods, light-weight goods requiring a different volume of 
water from heavy-weight goods. This volume of water must in all 
cases be determined by actual experience in running the bleaching ma- 
chine. It will be found to vary from a depth of i8 in. to 23^ ft., de- 
pending on the texture and weight of the cloth. 

The goods now running in the machine are washed in lukewarm 
water for about 15 minutes before chemicking; and the cloth being in 
the open condition there is a better chance for the water to remove all 
the materials which have been decomposed in the kier. If there are 
any kier stains noticed it would be well to give the goods a preliminary 
souring ; that is to say, the first wash-water should have a small amount 
of hydrochloric acid dissolved in it (1° Tw,), and be at a temperature 
of about 100° to 120° F. Kier stains in knit-goods may arise from a 
variety of causes. Usually they are due to impure water. If pure 
filtered water is employed there is usually no cause for kier stains unless 
colored cotton has been used in the make-up of the goods. Unfiltcred 
water will nearly always give rise to trouble in the kier, either by rea- 
son of iron contained in the water which combines with the oil and 
alkalies to form a brown insoluble precipitate on the goods, or the stains 
may be caused simply by insoluble matter in the water, which is other- 
wise known as plain mud. It must be remembered that any kier is 
really a filter on a large scale, and the water which circulates through 
the kier is really filtered thereby, and any insoluble matter which may 
exist in the water will be caught up in the meshes of the goods. On 
this account all bleaching establishments should filter the water they 
use, for however pure the supply of water may be considered, there 
will always arise occasions when filtering is not only desirable but 
necessary. 

For purposes of thorough washing in the string-tub machine, a 
water spray pipe should run across the entire machine just in front of 
the goods before they pass into the squeeze rolls. The water passing 
out through this spray under a heavy pressure will be forced thoroughly 
into the goods just as they pass into the squeeze rolls. During the 
washing, the drain valve should be allowed to be half -open, and fresh 
water should be continually admitted into the machine through the 
spray pipe while the dirty water is constantly running off. 

(2) A treatment with chemic solution is given; this continues for 
about 40 minutes to one hour, and the strength of the bath varies from 
to 23/2° Tw., depending on the weight and the character of the 
knit-goods. For heavy-weight goods containing yarns which are com- 
posed of rather low-grade cotton waste it will be necessary to use the 
stronger solution, for such cloth will be contaminated with a large 
number of motes or shives, or so-called “sticks,’* and these have to be 
removed by the action of the bleaching agent. For light-weight goods 
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compbsed of better yarns, it will only be necessary to run for a shorter 
time, and with a lower strength of the cheniic bath. For heavy goods 
of low-grade waste yarn, the time of treatment should be for about 45 
minutes cold, then the temperature of the chemic should be raised to 
about 110° F., and the goods run for about 15 minutes longer. This 
treatment with the hot chemic is necessary to decompose, bleach out, and 
destroy thoroughly the thicker motes in the yarn. For light-weight 
fabrics which are of a cleaner character, it would not be necessary to 
employ this hot chemic. Extreme care must be taken not to let the 
chemic solution go beyond no® F., otherwise the oxidizing action of 
the chemic bath will be so great as to cause injury to the cotton fiber, 
and it will also make the goods harsh in feel as well as tender in 
strength. It will also be found that if the strength of the chemic is 
too great, or if the temperature at which it is employed is too high, in- 
stead of the goods becoming whiter in color they will acquire a yellowish 
cast. 



Fig. 243. — Drying Machine for Bleached Hosiery (Proctor & Schwartz). 

(3) After the treatment with the chemic solution has been com- 
pleted, a thorough washing must be given the knit-goods to remove all 
excess of the chemic and lime compounds. Fresh water is run through 
the machine continuously while washing by means of thy spray pipes, 
the drain-valve being left partly open so that the wash-\/ater may run 
off. This washing after chemicking must be very thorough, and be 
continued for at least 45 minutes or an hour. If insulTioent water is 
employed, or if the washing is not continued for the necessary length 
of time, various faults in bleaching may easily arise; a great many 
defects in the bleaching of knit-goods may be traced to insufficient 
washing after the bleaching operation. 

(4) After this thorough washing has been given, it will be neces- 
sary to give a treatment with “antichlor.” This is nothing more than 
sodium bisulfite, which is used for the purpose of neutralizing the 
chlorine compounds. The amount of antichlor necessary to employ 
will vary from 3 to 5 percent on the weight of the goods, depending, of 
course, upon the quantity of chemic solution which has originally been 
used. The amount of antichlor, however, should be ample, and after 
the goods have been so treated they should not show the slightest test 
of any presence of chlorine. This test can easily be carried out by 
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pressing a piece of potassium iodide-and-starch paper on to the wet 
goods, or by moistening a portion of the goods with a solution of starch 
containing potassium iodide. The test paper of potassium iodide-and- 
starch is easily prepared by soaking strips of filter paper in a solution 
of starch containing some potassium iodide and allowing the paper 
to dry. This mixture of starch and potassium iodide is a characteristic 
test for the presence of even very minute quantities of chlorine. The 
slightest trace of chlorine when brought in contact with this reagent 
will develop a bluish to a black color, depending on the amount of 
chlorine present. The treatment with the antichlor solution is cold, 
and the time of running should be from 20 to 30 minutes. Sodium 
bisulfite is a very efficient antichlor by reason of the fact that the sul- 
furous acid it contains is readily oxidized to .sulfuric acid, and since 
chlorine is a strong oxidizing agent, they mutually neutralize each 
other. 

(5) A thorough washing is again given after the antichlor bath has 
been run off from the goods. It must be remembered that in this 
antichlor or sodium bisulfite there is considerable acid, and it is nec- 
essary to remove all such acid, otherwise various faults will arise. The 
washing after the treatment with antichlor, therefore, must be very 
thorough, and .should be continued for about 45 minutes, employing a 
good flow of fre.sh water through the spray pipes and leaving the drain- 
valve from the machine partly open so that the cold water is con- 
tinually running away. 

So far as the bleaching operations proper are considered, this last 
souring or antichlor treatment completes the process. In many cases 
it will not be necessary to give any further treatment to the goods; 
but in some instances, especially where heavy and low-grade materials 
are used, it will be considered essential to .soften the goods before they 
go to the cutting room. The softening is produced by running the 
goods in a bath containing soap, (jr a mixture of soaj) and soluble oil, 
or even a suitably prepared softener. If considered desirable, the cloth 
may also be blued or tinted in this final .softening bath by the addition 
of the necessary amount of bleaching tint. This is for the purpose 
of changing the tone of the white, giving it a bluish cast, which by 
most persons is considered more pleasing to the eye. The use of tint- 
ing agents, however, is not to be recommended in general. They add 
very considerably to the bleaching difficulties of obtaining even and 
uniform goods. Furthermore, very frequently the tint which is em- 
ployed is not e.specially fast, and after the goods have been stored for 
some time, they will lose this blue cast and return to their original 
color. 

The advantage of this .system of bleaching the cloth in string-tubs 
is that throughout the operation there is a uniformity of treatment 
through the whole length of the goods; and furthermore, the cloth is 
in the open and floats through the liquor, so that it receives a very 
thorough treatment. Consequently there is less danger of lack of uni- 
formity of bleaching, and the color is more likely to be even throughout 
the entire fabric. There is also less danger of the various faults of 
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bicacliing which we have considered in the other process. If properly 
ccnidiuied, and if the washint^s arc very thorough, there sliottld he 
al)soliitely no danj^er of the after-tendering of the goods, or of the de- 
velopment of a yellow color on storing. 


8. Bleaching of Cotton Hosiery. 

Hosiery is bleached in much the same manner as other forms of 
knit-goods, though s])ecial forms of machinery arc required. The goods 
are usually made up into small btmdles or placed in net bags and boiled- 
out in a kier. The washing and bleaching is usually conducted in a 
rotary drum machine. I'his consists of a lank containing the neces- 
sary liquor in which a i)erforatcd wooden or metal drum is rotated 
horizontally, d'he hosiery is placed in this drum and is thus carried 
through the liquor by its movement. The goods should be packed in 
the drum loosely enough to allow of the free penetration of the li(|uor. 
Usually rows of wooden pins are arranged in the drum so as to cause 
more or less movement of the goods within and keep the material in 
a well-distributed and open condition. 



Fjc. 241.- Loop Dncr for Knit-goods (Proctor <!(: Schwartz). 

A continuous washing and scouring machinery for hosiery is a rc- 
ccilt Unglish invention and operates on a different principle from the 
dium machine. Its general construction is shown in higure j^8. Fhe 
scouring is pcrfoimcd in a long cast-iron tank, in which any suit- 
able solution may be used, and of suriicicnt depth to cover the goods. 
J he tank is about 25 ft. long and 4 fh wide, and is provided with 22 
fluted rollers, underneath which travels a galvanized brattice. 

The goods are fed to this brattice over a feeil table passing under 
a spray box, which well dampen.s the goods with a solution similar 
to that used in the tank. After being dampened, the goods are then 
taken forward by the traveling brattice and pass under the rollers. 
Ihcse latter are rotated by the passage of the goods, and, moreover, 
jnay be regulated as to their pressure by means of springs. Upon reach- 
ing the end of the tank the goods are delivered to another small travel- 
ing brattice which conveys them to a set of squeezing rollers. By 



448 


BLEACHING 


this means the bulk of the scouring liquid is removed and passed back 
into the tank. After passing through these rollers the goods are well 
sprayed with clear water, to wash out thoroughly any of the scouring 
liquid remaining, and passed between a second pair of squeezing rollers. 
This final squeezing removes most of the liquid from the goods and 
passes them in a damj) condition to a small delivery brattice from which 
they are deposited into baskets or other suitable receptacles.^ 

One of the chief troubles to be experienced in the bleaching of 
hosiery is the occurrence of oil-stains. These stains are produced by 
the knitting machines, and especially in some forms of knitting where 
the thread is worked in oil, and this is particularly true of the reinforce- 
ment threads knitted into the heel and toe. In some mills, it is the cus- 



Fi(,. 245. ( )pcn \V:ishin;4 Machine tor Knit'<40oas Cnerman 'Ihpc). 

tom to examine all hosiery before bleaching in order to sort out the 
oil-stained ones and these are dyed black. Instead of sorting out the 
stained hosiery, however, it is cheaper to process the goods previous to 
bleaching in such a manner that the oil-stains are removed. The fol- 
lowing method is said to yield good results: For 100 lbs. of cotton 
hosiery, use 8 lbs. neatsfoot oil, 3 lbs. resin soap, and 6 lbs. soda ash 
boiled up in 35 gals, of water, ddie hosiery is put in a tom-tom ma- 
chine and the solution is added with sufficient water to cover the goods. 
The machine is worked for 20 mins, and then the hosiery is taken 
out wet and thrown into the kier for boiling-out. This operation is 
conducted in the usual manner with either an open or a pressure kier. 
The chemicking or bleaching may be done in either a rotary or other 
machine as above mentioned, or it may be carried out in a bleaching 
cistern after the manner of what is known as the “still*' bleach used 

* Tbia machine has a capacity of 45,000 lbs. of hosiery per week. 
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for yarns or warps. The cistern consists of a stone or wooden tank 
lined with cement and provided with a false bottom and a centrifugal 
pump for suitable circulation of the liquid from the bottom chamber 
of the cistern to the top. The hosiery must be carefully and evenly 
packed in the cistern in order to insure even circulation and to avoid 
channeling of the liquor. The chemic generally consists of a solution 
of bleaching powder or sodium hypochlorite of 13^° Tw. strength, 
and is contained in a cement tank below the bleaching cistern. By 
means of the centrifugal pump the liquor is raised from the lower well 
and is thrown over the top of the goods in the cistern by means of a 
perforated wooden tray. The bleaching liquor then percolates through 
the goods and runs down into the false bottom and thence into the 
well again. The bleaching solution is circulated through the goods 
in this manner for about two hours, then the circulation is stopped and 
the liquor is allowed to drain back into the well. The goods are then 
• washed with water for half an hour, and next soured with sulfuric acid 
of 1° Tw, for another half an hour. The sulfuric acid liquor is 
contained in a second well similar do that for the chemic, and is cir- 
culated in the same manner by means of the pump. After souring the 
hosiery is allowed to drain for 20 minutes, then washed for half an 
hour. The goods are then taken out and put into a paddle tub where 
they arc treated with a soap solution or suitable softener and blued. 
After this process the goods are hydro-extracted, stretched on forms, 
dried and finished. In certain cases of low grade yarns, it may be 
necessary to give two bleaching treatments with an intermediate boiling 
of the goods in a paddle tub with a weak solution of soda ash in order 
to obtain a ,-,at is factory white color. 

g. Bleaching of Colored Cotton Goods. 

There is at present a wide range of cotton fabrics made with colored 
stripes or fancy patterns which are constructed by weaving in colored 
yarns together with unbleached white cotton yarns; and these goods 
are subsequently bleached in the piece for the purpose of clearing up the 
white part of the cloth. This character of fabric presents very special 
conditions with respect to bleaching, as it is necessary that the bleach- 
ing operations be so conducted as not to have the color destroyed or 
to have it run into the white.'^ There are only certain dyestuffs which 
will resist this bleaching effect, and these include such dyes as Turkey 
Red, Para Red (to a less degree), Indigo, Aniline Black, Cutch Brown 
and a number of the so-called vat dyes, such as the Hydron colors, 
Indanthrene, Ciba, Ilclindonc, Algol colors, etc., as well as certain 
colors’ derived from Naphthol AS (the anilide of bcta-oxynaphthoic 
acid). 

The bleaching of colored cotton goods has of late years become 
a very important branch owing to the introduction and wide use of 
the fast vat dyes which are capable of giving colors that will resist 
the action of hypochlorite liquors, 'fhis field is also extended by the 
fact that modern laundry methods necessitate the use of hypochlorite 
liquors in the cleansing and whitening of cotton wash- fabrics. Fabrics 
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such as shirtings, ladies’ blouse material, toweling, etc., are now largely 
woven with colored patterns, and these arc bleached in the piece. Be- 
fore bleaching colored goods, the bleacher should assure himself of the 
fastness of the colors used to the treatments he intends to employ, 
and this can be done by first lunning a small sam[)le of the cloth through 
the various jirocesses to be used as a preliminary test ; it is not enough 
to rely solely on the resistance ot the color to a lest solution of hypo- 
chlorite. 

The bleaching of dyed cotton goods is still a subject on which there 
is a large amount of information to be collected and properly corre- 
lated. The subject has not been studied in the full manner its im- 
portance demands, d'he manufacturer and dealer in dyestuffs has at 
best an im])crfect knowledge of the conditions to which dyes are sub- 
jected in the processes of commercial bleaching; aiul, on the other 
hand, the dyer and bleacher are liable to act m rather a haphazard 
manner in carrying out the treatment of the goods, as they have very 
little accural e knowledge concerning the qualities of the dyestuffs avail- 
able. The (hestuff maker iisiiall) considers that if a dye gives a color 
that will withstand fairly well the action of a weak solution of chloride 
of lime, it can be listed as fast to bleaching, whereas he may be entirely 
erroneous, as the color may bleed badly in the boihng-out jirocess with 
alkali which is a part of the bleaching jirocess. On the other hand, the 
bleaclier is not enough given to devising suitable modifications of the 
bleaching iirocess to meet the conditions due to the ])resencc of colored 
yarn, wlule at the same time attaining the commercial result desired. 

10. Methods of Boiling-out Colored Goods. 

In the bleaching of colored cotton goods, it is necessary to avoid 
a strong boiling-out operation in the kier witli caustic alkalu's, as this, 
as a rule, has more etfect on the colors even than the bleaching with a 
hypochlorite .solution. 

While in the market bleaching of white goods chief dependence 
is placed on a very thorough and severe boiling-out operation, it must 
be borne m mind always in the bleaching of colored goods that the boil- 
out process must be subdued to a minimum, and the chief reliance in the 
bleaching effect is placed in the chemicking or hypochlorite treat- 
ment. The vat dyes will only stand a tnodcrate boil-out, though they 
may perfectly resist the bleaching action of hypochlorites. On this 
account the boil-out should not be conducted if possible under pressure, 
and strong caustic alkali solutions should be avoided. 

It must be accepted as a preliminary condition that colored goods 
cannot be given as complete and severe a bleaching as plain white fabrics, 
as all of the operations have to be tempered to favor the preservation 
of the color. It is also unnecessary that the bleaching be as thorouf^h 
as with white goods, because the presence of the color really calls for 
a different type of white than is the case with all white goods, and 
the effect is often much better if the bleach is not of too intense a 
white. Owing to the effect of color contrast, in many cases, even if a 
very high white were produced when viewed by itself, when seen in 
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juxtaposition with the color it appears tinted. The desire in bleaching 
colored cottons is chiefly to clean up the white parts of the fabric so 
as to remove dirt, motes, seed particles and the natural impurities of 
the raw fiber. If high-grade combed yarns are employed in the fabric 
it will not require very severe action to accomplish this cleansing, but 
if low-grade carded yarns contaminated with considerable motes, broken 
seed and leaf are used, it will generally require a more thorough 
processing to obtain a satisfactory result. In the older processes of 
bleaching where very prolonged kier-boiling was employed with milk 
of lime, caustic soda and resin soap, and also treatments with acid 
liquors, when it came to a question of bleaching cloth containing dyed 
yarns there was but slight sacrifice made in the methods of treatment, 
Init various devices were used to avoid the severe action on the colored 



I'ln. 246 —Slack Tension Washing Macliine. 

portions of the f^i^ric. Frecjucntly these colored parts were limited 
to headings which occurred at intervals through the length of the fabric, 
and it was the practice to “hang out,” as it was called, these portions ; 
that is to say, instead of running the colored part of the cloth into the 
kier a loop was made containing the heading and this was hung over the 
edge of the kier. This scheme, however, introduced various bad 
features, because in this manner some parts of the cloth received more 
treatment than others, and there was consequently an uneven bleach 
around the headings, and as the same system was practiced in the other 
processes of bleaching, such as the souring and hypochlorite treat- 
ments, it must have given a rather undesirable elTect. And yet in 
the English system of bleaching this procedure seems to have long been 
the accepted one for this class of material. Such a method, of course, 
was not applicable to goods having continuous colored patterns ali 
through the fabric, but only to such goods where the colored portions 
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came at intervals. The present methods of bleaching these goods have 
been considerably modihed so that this character of bleaching has 
been widely extended now to include many cotton fabrics that for- 
merly were not bleached in the piece, but had to be made from bleached 
and colored yarns. 

II. Use of Malt Extracts and Diastase Enzymes. 

A process which is largely employed at the present time is to re- 
move as far as possible the starch and sizing materials on the cloth 
together with most of the pectin matters present in the raw cotton by 
a treatment with a suitable diastase product. This material contains 
an enzyme which has the property of quickly rendering soluble the 
starchy, gummy and pectin substances, and thus performs more or 
less the function of the caustic soda boil; and, at the same time, this 
enzyme action has little or no effect on the dyed colors in the cloth. The 
goods are first wetted-out by running through hot water or a dilute soap 
solution, or a soap solution containing also some soluble oil, such as 
Monopole or other suitable sulfonated oil. After this treatment they 
should be washed again in hot water to remove the excess of soap and 

011, and then the cloth is impregnated with a solution of the enzyme 
preparation. This is usually done by running the goods through a box 
containing the solution with immersed squeeze rolls and then squeezing 
so as to leave about an equal weight of liquor as of cloth in the goods, 
and then folding the impregnated cloth down in bins and allowing to 
stand for eight hours, or conveniently overnight. Before the goods are 
run into the enzyme liquor care should be taken that they are free from 
alkali as the enzyme action is much reduced or altogether stopped by 
the presence of alkalies. If soda ash or any alkali has been used in 
the preliminary wetting-out, it is well to wash the goods subsequently 
in water containing a little acetic acid in order to assure complete neu- 
tralization. 

There are several enzymes especially prepared for this process, such 
as Diastafor, Diax and Polyzime. The first two are prepared from 
malt, whereas the last one is made by the action of special fermenting 
organisms on bran. The enzyme solution should be 'Used in a strength 
of about I to 2 percent, and in the case of Diastafor and Diax the 
liquor should be maintained at a temperature of from 120 to 150^^ F., 
whereas in the case of Polyzime the temperature of the enzyme hath 
should be held at about 110° F., as at higher temperatures the action 
of the enzyme is arrested. After the enzyme treatment the goods are 
washed thoroughly in hot water or in a hot dilute soap liquor to which 
some soda ash may be added according to its effect on the color. 

12. Bleaching with Sodium Hypochlorite Solution. 

The goods are then bleached by the use of a sodium hypochlorite 
solution which may be prepared either from the solution of liquid 
chlorine in caustic soda or by the electrolytic process, or by the inter- 
action of a soda ash solution with one of chloride of lime. The bleach- 
ing liquor should be of a strength of about i to Tw. or have an 
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"active” chlorine content of 0.5 to i gram per liter. After bleaching the 
goods may be run through a bath containing a small quantity of acetic 
or formic acid and then tlioroughly washed and finished. 

13. Use of Special Kier Preparations. 

There are some dyestuffs the colors of whicli will stand a fair 
degree of caustic soda boiling in a kier, although in such cases it is 
usual to add to the kier liquor a special preparation which will tend 
to prevent any action on the color, such as a preparation known as 
Ludigol. This product is the sodium salt of meta-nitrobenzenc sul- 
fonic acid. Anthraquinone sulfonate is also employed for the same 
purpose.® Inorganic oxidants are also used, such as sodium or potassium 



l'j(]. 247. — Clicnili'ldiig- and Souring? Machine for Open Width Goods (But- 

terworth). 


kromate,® salts of manganese, sodium bichromate, etc. The Farbwerke 
Ilochst in a patent (1910) describe the use of manganese chloride. 
After being dyed with a vat color the goods are treated with a bath of 
manganese chloride of 7° Tw., squeezed and dried. H. Byk suggests 
Ihc use of sodium perborate for the bleaching of colored cottons, as 
in this case the sodium perborate may be used in connection with soap 
in a boiling bath. It is claimed that the effect on the colors in the 
kier-boil with the alkali is due to a reducing action brought about by 
e(*rtain products of decomposition through the action of the alkalies 
on the impurities and sizing materials in the cotton cloth, and this 
reducing action causes the vat dyes to be slightly dissolved from the 
hher, and consequently has the effect of making the color bleed. 

Gcr. Pat. 205 , 813 , 

“ Ilochst, Cer. Pat. 218 , 354 . 

Ger, Pat, 250 , 397 . 
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14. The Modification of Bleaching Methods for the Preservation 

of the Color. 

In determining the bleaching fastness of dyestufls, laboratory tests 
on the dyes are of very little value, as it is not possible to imitate satis- 
factorily in the laboratory the practical conditions of commercial bleach- 
ing. The only method of testing that is of value is to send a sample 
of the dyed color mixed with some white cloth through the regular 
bleaching processes as practised in the mill. There arc only a very 
few colors that will completely withstand the usual treatment of bleach- 
ing; consequently it devolves on the bleacher to endeavor to modify 
his methods with a view of preserving the color, and at the same time 
producing a satisfactory bleach. It has been amply demonstrated as 
already mentioned, that the most severe action on the color is not in 
the bleach liquor itself, but in the alkali boil that is used to decom- 
pose the impurities in the raw cotton. Even the vat dyes will not satis- 
factorily withstand this treatment as ordinarily carried out in the 
processing of white goods. 

15. Dyes Chiefly Used for Colors Fast to Bleaching. 

Previous to the introduction of the vat dyes, there were a few 
special colors which were capable of withstanding the bleaching opera- 
tions. The foremost of these probably was Turkey Red, but the man- 
ner in which the red was dyed had considerable to do with its quality 
of fastness for bleaching. The color obtained by the old Turkey Red 
process is faster to bleaching than that produced by the shorter and 
newer method, due probably to the better lixation of the oil. The char- 
acter of the oil used in dyeing the Turkey Red also exerts considerable 
inlluence on the fastness of the color. That dyed with rancid olive 
oil IS said to give a better result than the colors obtained by the use 
of ordinary Turkey-red oil. Also, if the dyed yarn is not thoroughly 
soaped after dyeing, it will show a tendency to bleed during the bleach- 
ing operations. Another color which was used was the blue obtained 
from Indigo. In light shades, however, Indigo is not at all fast to 
bleaching and at the present time there arc vat dyes which arc much 
faster in this respect than Indigo. Only the heavy shades of Indigo 
can be considered at all fast to bleaching, and even in this case the 
color shows a considerable loss. The manner of dyeing the Indigo on 
cotton also considerably influences its fastness to bleaching. If the 
shade is built up by a number of dips, a faster color will be obtained 
than with a few dips in a strong vat. Also in dyeing cotton with Indigo 
intended for bleaching, the yarn should first be boiled-out thoroughly 
in caustic soda in order to assist the penetration and absorption of the 
color, and before dyeing it is recommended to wet-out the yarn in a 
dilute bath of boiling sulfuric acid and then rinse thoroughly. If the 
Indigo in the vat is not properly reduced, if the vat is not clear work- 
ing, if the color is not well penetrated but is only superficially de- 
posited, if the color has been dyed too heavily in one dip and has not 
been properly built up gradually by a number of dips, if the washing 
and after treatment of the dyed yarn have not been thorough and 
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proper, any of these factors, as well as others, may vitally inlluence the 
bleaching fastness of the color. 

Some dyers have the old fashioned opinion that the mineral pig- 
ment colors are faster to bleaching than the synthetic coal-tar dyes, 
but this is not necessarily the case, as some of the mineral colors are 
lUore or less stripped by hot alkalies, and others hy acid liquors or 
hypochlorites, d lie chrome pigment colors, including yellow, orange 
and green, arc not very suitable for bleaching fast colors, as many 
precautions have to he taken to prevent the color from stripping, and 
the white is seldom satisfactory. The chrome pigment colors can be 
well replaced by the corresponding alizarine and vat dyes. Greens and 
olives, in fact, can be best obtained by the use of Alizarine Yellow, 
Alizarine iiluc and Alizarine Orange dyed on an oil-tannin-chrome 
mordant. The process is rather tedious but gives a more satisfactory 
color than a vat green, as the latter does not have any great fastness 
to bleaching. Bleaching fast green has also been dyed with Chrome 
(ireeii topped wdth Indigo and shaded with Chrome ^T'llow; but the 
use of Chrome Green on cotton introduces many difficulties, and it is 
hard to produce satisfactory dyeings. Iron Buff is sometimes used 
for bleaching fast colors and gives good results if dyed by processes 
especially adapted to this purpose. 

Aniline Black is another e.xample of a color which may be dyed 
by numerous methods. The best method for bleaching fast color is 
a two-bath oxidation black, but even liere considerable care and ex- 
perience is necessary to produce a color which will stand up properly 
under bleaching, and the dyer can materially assist the bleacher if co- 
ordinated in, exigence is apjilied to the problem. Many dyers tone 
Aniline Black with Logwood, Methyl Violet or other dyes, and of 
course in these circumstances such a color would be badly altered dur- 
ing bleaching. 

I'here are some of the sub.stantivc cotton colors that have a moderate 
fastness to bleaching and arc sometimes used for the manufacture of 
fast colored goods. Such dyes are Chloramine Orange, Chloramine 
Yellow, Chloramine Violet, Brilliant Geraninc B and Primuline Yellow 
(which has been after treated with chloride of lime solution), and also 
the basic dye. Methylene Blue on a tannin-antimony mordant. Usually 
these dyes arc employed in light shades, and in bleaching the white 
ground care must be taken not to use alkaline liquors, as this will 
cause the color to run. The chief difficulty of these substantive colors 
is the fact that they bleed out to some extent even in hot water, although 
they may be perfectly fast to the hypochlorite bleach liquor. 

The following table exhibits a list of direct cotton dyes that may 
be considered as having good fastness to hypochlorite bleaching solu- 
tions, such as would be normally employed for the bleaching of colored 
cotton goods. There is also given the fastness of these colors to the 
action of a boiling solution of soda ash, the test being boiling for one- 
lialf hour in a solution containing 2 grams of soda ash per liter. A 
record is given of any change or alteration in the color as well as whether 
the color bleeds into the adjacent white cloth. It will be found that 
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sometimes a dyestuff may be reasonably fast to the action of hypo- 
chlorite bleaching, and yet not be at all fast to alkali boiling, and there- 
fore tlie bleaching of cloth containing such a dye must be adjusted to 
meet this condition. The fastness of Indigo is given for comparison. 


i^ycstu/T 

Primuline (after treated 
chloride of lime) 
Diamine Fast Yellow A 
Diamine Fast Yellow B 
Chrysophenine 
Diamine Cold Yellow 
Diphenyl Citronine 
Diphenyl Fast Yellow 
Polyphenyl Yellow 3B 
Anrophenine O 
Oxydianil Yellow O 
Chloramine Yellow 
Oxydiarniiic Yellow GG 
Mimosa 

ITessian Yellow 
Clayton Yellow 
Alkali Yellow R 
Mikado Yellow 
Oxyphenine 
Ciircumine vS 
C hlorojdienine Yellow 
Direct Yellow J 
Mikado Orang ' 

Chicap^o Orange (T 
Giicago Orange jG 
Chicago Orange R 
Chicago Orange 2R 
Chloramine Orange G 
Diamjne Orange G 
Brilliant Geranine 3B 
Chlorantine Lilac B 
Brilliant RhoduHne Red 3B 
Direct Brown R 
Direct Brown G 
MiKado Brown B 
Mikado Brown G 
Mikado Brown M 
Heligoland Birown 
Chicago Brown 2G 
Chicago Brown G 
Alizarine Red, old style 
Alizarine Red. new style 
Azophor Orange 

Alpha-Naphthylamine 
Bordeaux 
Para Red 
Dianisidine Blue 
Azophor Black 
Indigo (vat) 


Fastness to 

Fastness to 

Alkali Boil 

Hypochlorite 

Change in 

Bleeding to 

Bleaching 

1 

Color 

White 

excellent 

no change 

slight 

excellent 

some loss 

marked 

excellent 

less loss 

marked 

excellent 

much loss 

very marked 

excellent 

much loss 

marked 

excellent 

much loss 

marked 

excellent 

much loss 

very marked 

excellent 

some loss 

marked 

excellent 

much loss 

very marked 

excellent 

much loss 

very marked 

excellent 

some loss 

marked 

turns brown 

much loss 

very marked 

turns brown 

some loss 

marked 

good 

much loss 

very marked 

turns brown 

some loss 

very marked 

turns brown 

some loss 

very marked 

excellent 

much loss 

very marked 

excellent 

slight change 

marked 

excellent 

some loss 

marked 

excellent 

some loss 

marked 

excellent 

some loss 

slight 

excellent 

much loss 

very marked 

excellent 

some loss 

marked 

good 

much loss 

very marked 

good 

much loss 

marked 

good 

much loss 

very marked 

excellent 

some loss 

very marked 

excellent 

some loss 

very marked 

good 

great loss 

very marked 

good 

great loss 

very marked 

good 

much loss 

very marked 

good 

slight 

marked 

good 

slight 

slight 

good 

much loss 

marked 

good 

some loss 

marked 

good 

some loss 

marked 

good 

much loss 

very marked 

excellent 

some loss 

marked 

excellenl: 

some loss 

marked 

good 

unchanged 

none 

good 

slight 

slight 

excellent 

none 

slight 


excellent 

excellent 

good 

good 

fair 


none marked 

none slight 

slight none 

slight slight 

some loss none 
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i6. Colors from Vat Dyes and Methods of Bleaching. 

Resides the dyes given in this tabic there is, of course, tlie general 
class of vat dyes applied to cotton in a special form of hydrosulfitc vat 
and these in general are fast to hypochlorite bleaching, and in many 
cases also of satisfactory fastness to the alkali boil. It must not be 
assumed, however, that all of the vat dyes arc fast in these respects, 
or that all of them are possessed of an efpial degree of fastness, for in 
some cases there is a great difference in the degrees of lastness. Anv 
particular dyestuff should always be well tested by the dyer and bleacher 
before it is accepted for this purpose, as there is no general rule which 
may be laid down in respect to the qualities of fastness. 



Fig. 249.— Si)eci.d Kior, Bentz Process of Bleaching. 


The Badische Company recommends the following method for 
the treatment of goods containing colors dyed with the Indanthrene 
series of vat dyes: When the cloth rcciuircs a boiling-out process 
under low pressure and the use of caustic soda lye.^ it is ]);)ssil)le to ju'c- 
vent the ordinary bleeding of the colors by limiting the boil-out to 
a treatment on the jigger with a boiling solution of caustic soda to 
which is added 2 to 5 grams of Ludigol per liter of liquor. Ihc Cassella 
Company, for the subsequent bleaching of cotton goods containing 
colors produced with Flydron Blue, recommends the following treat- 
ment: The cloth is boiled in the jigger with a solution containing 3 
to 5 grams of Turkey-red oil per liter for i hour, then rinsed and 
treated for i to 2 hours in a solution of sodium hypochlorite at y Tw. 
in the usual manner, wash and sour for 20 minutes in hydrochloric acid 
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at 1° Tw. Finally run through a fresh bath containing a small amount 
of sodium bisulfite to act as an antichlor. 

When an alkali kier boil is unavoidable, the Badische Company 
recommends the following method: For the boil-out liquor use 1000 
parts of water, 16 parts of soda ash and 2 parts of Ludigol; or, where 
caustic soda is necessary, use the following: 1000 parts of water, 3j4 
parts of caustic soda, parts of soda ash and qfl parts of Ludigol. 
The boiling is carried out for 3 to 5 hours in an open kier. The Farb- 
werke Ilochst recommend the previous treatment of the material with 
a bath of dilute sulfuric acid, as follows: First impregnate with sul- 
furic acid solution of 1° Tw. and allow to lay forr 12 hours, wash, 
boil-out in an open kier with 15 parts soda ash and 5 parts sodium 
hromatc to ujoo parts water for 6 hours, wash, sour with sulfuric 
acid at 2° Tw., leaving in the acid bath for 3 hours, wash, boil-out 



Fic. 250 — Washing, Chemicking, and Souring Range, Rentz Process of 
Bleaching. 


a second time using to parts soda ash and 3 parts sodium bromate 
to 1000 parts water for 5 hours, wash, sour again with sulfuric acid 
for 3 hours at 1° Tw., wash, chcmic in chloride of lime at 1° Tw. for 
3 hours, wash, sour again in sulfuric acid for 3 hours at 1° Tw., finally 
wash thoroughly. In this process it would seem that the principal 
dependence is placed on the sulfuric acid treatments. Mohr recom- 
mends the following process: After singeing, the goods are saturated 
with a solution of sulfuric acid at Tw. and laid down in a bin for 
12 hours, tlicn wash and hoil-ont in a kier without pressure for S 
to 6 hours with a liquor containing about yj/- percent of soda ash 
and ^ percent of Ludigol or potassium bromate. The goods are then 
washed in a string tub washer and run into the chemic of chloride of 
hme or hypochlorite of soda, the strength of which must be adjusted 
in accordance with the conditions which may vary with the diflPerent 
kinds of fabrics and colors. After wa.shing from the chemic solution 
and without souring, the goods are then run back into the kier and 

Zeit. Farhen-Ind., 1913, p. 40, 
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boiled again for 5 hours with a liquor containing 5 percent of soda 
ash and i percent of Ludigol or potassium bromate. A second chemic 
and \vashii\i; is given and finally a sour in sulfuric acid of 1° Tw. 
By following out this general process with care it is said to be possible 
to use most of the vat dyes for the preparation of colored yarns in 
such fabrics. 

For certain limited purposes where it is possible to avoid altogether 
a real boil-out operation and where a simple scouring in soap followed 
by a bleach with hypochlorite is sufficient, certain substantive dyes can 
be used, such as Brilliant .Geranine, Chloramine Orange and Chloramine 
Violet, as well as Primulinc diazotized and developed with chloride of 
lime, Diauisidiuc Blue aud the basic Methylcue l>luc; with the in- 
telligent use of this palette of colors a wide range of shades can be 
obtained. 

17. Bleaching Colored Goods writh Peroxides. 

The use of peroxides for the bleaching of cotton goods containing 
dyed yarns is freciuently practiced especially on liigh-grade fabrics and 
on fabrics containing wool or silk in admixture with the cotton. In 
fact, in the latter cases hypochlorites cannot lie used, nor can alkaline 
boiling treatments be permitted as the wool and silk would be too 
much affected thereby. The bleach baths of either hydrogen peroxide 
or sodium peroxide are prepared in the usual manner as already fully 
described in preceding pages. Frequently the peroxide bath is also 
utilized for the boil-out process and the two operations are conducted 
as one. More commonly, however, the boil-out is dispensed with and 
a diastase treatment is given as already described, followed by wash- 
ing and the peroxide bleach. 

The use of peroxides in bleaching may have a different effect on 
the colors present than would be the case if hypochlorite bleach liquors 
were employed. It is, therefore, not well to assume that if a cer- 
tain color shows proper fastness to hypochlorite bleaching it will neces- 
sarily have the same fastness towards a peroxide bleach. It is well 
for the bleacher himself to thoroughly test out a sample of the dyed 
color by subjecting it to the actual treatments he intends to employ. The 
vat colors, as a rule, will all be found of satisfactory fastness to proper 
peroxide bleaching. The alizarine dyes and many of the substantive 
dyes will also be found fast in this respect, although in the latter case 
bleeding may occur, not on account of the use of peroxide, but due 
to lack of fastness of the color to water. Most of the mineral pig- 
ment colors are also fast to peroxide bleaching. 

18. Bleaching of Printed Cotton Goods. 

This is a special phase of bleaching that really comes more under 
the subject of printing. When cotton goods are printed and then 
scoured in order to remove the thickener used in the printing paste, 
the color will frequently stain somewhat the white parts of the cloth. 
In order to “clear the whites’* the goods are given a slight and rapid 
bleaching by running through a weak solution to Tw.) of chlo- 
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ride of lime or a neutral solution of sodium hypijclilorite. In the 
latter case the presence of free alkali should be avoided as other- 
wise alkali stains will be formed. After being slightly padded with the 
hypochlorite liquor the goods are usually run directly on to drying 
cans where the bleaching is completed and the clilorine compounds 
are used up and thus destroyed. In this method of bleaching it is 
necessary to be very careful to properly adjust the strength and amount 
of the hypochlorite liquor in the goods to avoid over-bleaching, the 
formation of tender spots and the destruction of the color on the printed 
parts of the goods. 

In a patent of Kalle & Co.^^ there is described a method of bleach- 
ing cloth printed with vat or mordant dyes with the aid of an alkaline 
bleach liquor so as to brighten the white portion of the fabric without 
materially affecting the printed parts. Idie use of chloride of lime 
liquors alone for this purpose, it is claimed, bleaches out the color 
lo too great an extent, but by addition of caustic soda to the chemic 
bath this bad effect is avoided in very large degree. The printed 
material is treated in a solution of bleaching powder or sodium hypo- 
chlorite of T-^ d'w. containing 0.5 percent of caustic soda (40^ l>e.). 
By the use of a solution of sodium hypochlorite alone even with an 
excess of soda ash present it is said the proper results are not obtained. 

ig. Bleaching of Lace Goods. 

In the bleaching of lace goods the general scope of operation is 
practically the same as those for the usual form of cotton fabrics; 
on account of the make-up and delicacy of the fabric, however, it is 
not generally feasible to handle the goods in the rope form and they 
are usually folded up and made into loose bundles. Lace goods and 
nettings are frequently of a very dirty nature as they come to the 
blcachery owing lo the graphite used in the lubrication of the machine 
bobbins during the manufacture of the fabric. As lace fa})rics even 
in bundle form are of a light and' spongy character they are easily 
]>enctralcd in boiling-out and bleaching. A boil-out of 2 lo t hours 
under moderate pressure is given with 2j^ to 3 percent of caustic soda 
(on the weight of the goods). The kier should be brought to the 
boil quickly and in most cases be run for 3 hours, though in special 
cases a shorter boil may be advisable. In the treatment of lace goods 
it is customary to use smaller kiers than those usually employed in 
boiling of cotton cloth; also certain special forms of kiers may be 
Used (such as the Mather-Platt or the Jackson) in which the lace 
bundles are placed in trucks and run into the kier and treated in that 
form, as this facilitates handling and preserves the goods from undue 
injury. As lace goods, as a rule, are made from hard twisted yarns, 
It is rather difficult to obtain good penetration if too large a lot is 
tieatcd at any one time; this is true not only for boiling-out but also 
for the other processes of souring, chemicking, washing, etc. These 
I processes are carried out in general in the same general manner as in 
the bleaching of other cotton goods, though it is sometimes necessary 

’ C^cr, Pat. 233 , 21 1 . 
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to employ a stronger chemic licjiior or even to use it at a temperature 
of 90° h\ to facilitate its action and penetration and to shorten the 
time so as to better preserve the liber. 





Fig. 251.— Continuous BloacliinK System of Rigamonti and Tagliani. 


20. Bleaching of Mercerized Cotton. . , , 

Since the introduction of the extensive use of mercerized cotton 
it has become a matter of considerable disciission as to just what an 
the best conditions for bleaching it. Mercerized cotton is prepared b; 
treating cotton with strong solutions of caustic soda, the nber bein^ 
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maintained in a state of tension. As the treatment with caustic 
soda is really one of the operations in bleaching, it is claimed by some 
that it is cheaper and better to carry out the bleaching of the fiber with 
chloride of lime after the mercerizing. There are other authorities, 
however, who argue that the bleaching should be done previous to 
mercerization, in that the cotton is then in a clean and pure condi- 
tion, and will readily absorb the caustic soda solution employed for 
mercerizing, and hence the latter operation is thoroughly and com- 
pletely brought about. Another factor which is to be considered in 
favor of bleaching before mercerizing is that in so doing all the waxy 
and other natural impurities of the fiber are removed, as well as the 
dirt and grease which the yarn collects during the process of its manu- 
facture. 13 y a removal of these impurities, not only is the yarn better 
and more uniformly impregnated with the caustic soda solution, and a 
more uniform silky luster obtained, but also the caustic lyes do not 
become impure and weakened and may be used a greater number of 
times. 

It has been advanced by some chemists that by the action of boiling 
caustic soda solutions and then treatment with bleaching powder, as is 
carried out in the bleaching of cotton, the fiber is rendered more or 
less unlit for mercerization by reason of the chemical action of the 
caustic soda and the chloride of lime on the cellulose of the cotton. 
If this were the case, good results would not be obtained by mercerizing 
bleached cotton, but, on the other hand, this does not appear to be so 
in actual practice, as it is claimed that even a higher luster is produced 
by mercerizing bleached cotton than by mercerizing unbleached yarn. 

It is probal'iv more customary, however, to bleach cotton after 
mercerization, both in the condition of yarn (either skein or warp) 
and piece goods. In the mercerizing of previously bleached cotton it 
is practically impossible to prevent discoloration of the material, con- 
se([uently when bleaching is conducted subsecpient to mercerization a 
better and cleaner bleach is obtained. 

In the bleaching of mercerized material the bleaching operations 
may be conducted straight away after mercerizing without previoush 
soaping or drying; the boiling-out operation may be dispensed with as 
the mercerizing process itself performs that function. The bleaching 
oi)erations are carried out in the usual manner for skein, warp or cloth 
bleaching, the same series of processes and apparatus being used. 

21. Bleaching of Union Goods. 

In the bleaching of material containing a mixture of wool and 
cotton fibers serious difficulties are introduced owing to the radically 
different character of the two fibers, both with respect to the nature 
of the coloring matters present and the effect of the particular bleach- 
ing reagents employed individually for the separate fibers when treated 
^done. Sulfurous acid, for instance, which is an excellent bleach- 
ing agent for the coloring matter of wool, has little effect in bleach- 
ing the coloring matter of cotton; while solutions of hypochlorites 
which are universally employed for the bleaching of cotton, do not 
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have any bleaching effect on wool. It is necessary, therefore, to select 
as a bleaching agent for union goods one which will efficiently bleach 
both fibers simultaneously under the same conditions of treatment, 
and at the same time not materially affect the good qualities of cither 
the wool or cotton. Of all the bleaching agents considered in this 
relation the peroxides (hydrogen peroxide or sodium peroxide) stand 
out as the pre-eminent choice. 

Solutions of hydrogen peroxide bleach both cotton and wool quite 
effectively under practically the same conditions of treatment. Prac- 



Fie, 25J. — Cliluniig \Valcr Mangle, Compensator and Dryer for 

Bleaching Printed Goods. 

tically the same bath is used as that recommended for the bleaching 
of wool (see page 137). As a preliminary preparation for the hie, idl- 
ing it is necessary to thoroughly scour the material. It is not per- 
missible in this case to boil-out the goods with alkalies as would be the 
case with all-cotton material, as under these conditions the wool jior- 
tion would be seriously damaged. It is best to use a soap solution 
containing a small proportion of soda ash or ammonium carbonate. The 
goods are scoured m this bath at a tcmjieratnre not exceeding 160° ¥■ 
in order to avoid injury to the wool. As a rule, in the case of union 
fabrics it is not necessary to produce on the cotton as pure a white 
color as is desirable for an all-cotton fabric; for the wool at the best 
never bleaches to quite the same degree of white as the cotton, and 
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if the latter were bleached to a “high’^ white it would show up by 
contrast with the wool. This contrast of the two fibers is just the thing 
to be avoided in the case of nearly all union fabrics. Not requiring 
such a high degree of whiteness, therefore, it is not necessary to boil- 
out the cotton as thoroughly as would be the case where all-cotton 
goods arc in question, and it will be found that the scouring treat- 
ment with soap and alkali will sufficiently remove the impurities from 
the cotton to permit of a satisfactory bleaching with the peroxide solu- 
tion. In the bleach bath for union goods, of course, it is necessary 
to avoid the j)rcsencc of caustic alkali the same as if wool alone were 
being treated on account of the sensitiveness of this fiber to the alkali. 
The peroxide bath, therefore, should be made alkaline in reaction by 
the addition of ammonia or of borax or perhaps of sodium silicate. 

In the tinting of bleached union goods it is necessary lo use pre- 
caution in the selection of a proper tinting dyestuff so that a uniform 
tone is obtained on both fibers, and in order to get this result it 
is necessary at times to skilfully manipulate the treatment with re- 
spect to temperature and character of the bath so that an even tone is 
obtained. Victoria Blue, Acid Violet, Methyl Violet, Soluble Prussian 
Blue are all used for this purpose, various mixtures being used to 
produce a desired tone of white. 

In the bleaching of union goods where the warp is cotton and the 
wool is bleached with sulfurous acid by the stoving process, it some- 
times hap})cns that the cotton may be tendered. It is not the stoving 
itself that affects the cotton, but the cause of the tendering is often to be 
found in the residual soap that is left in the goods after scouring. 
Lloyd has shoAUi, for example, that certain oils (the unsaturated or 
dr)ing oils) absorb sulfurous acid, producing compounds which in 
time result in the formation of sulfuric acid. It thus happens that 
the sulftir dioxide used in the stoving may be converted into sulfuric 
acid by the fat of the residual soap in the fabric, and in this manner 
tendering of the cotton warp is brought about. It is clear that the 
inferem'c from this is that the soaj) empl(i\ed in scouring union goods 
previous to stoving should he made of oils of a non-drying char- 
acter, and all traces of soap should be removed from the cloth by 
thorough washing before stoving. 



Chapter XXIII. 

Faults in Bleaching 

I. Faults Arising in Bleaching. 

The object in the bleaching of cotton cloth is to obtain a pure 
and uniform white color throughout the entire length of the goods, and 
furthermore this color should be permanent and not become yellowish 
on storing. There are, however, numerous faults which may arise in 
bleaching, the causes of which we will now discuss. 

The bleacher has to reckon with many difficulties and defects, 
and very frequently the origin of faults is not to be sought in the 
bleaching itself, but in the weaving or elsewhere, as there are often 
defects in the raw cloth which only become apparent after the bleach- 
ing operations arc finished. On (he other hand there are also faults 
arising in bleaching which only show up in the goods after finishing 
or dyeing. It is too often the habit of the weaver to be careless 
in allowing the goods to become stained and spotted with the idea 
that these are easily removed by chemicking, and thus placing on 
the bleacher a needless burden. It is too frequently considered in 
the mill that “chemicking” will remove all kinds of defects and that 
the bleacher is the physician capable of administering a panacea for all 
ills which the goods may have acquired or have thrust upon them 
during the processes of manufacture. While it is often jiossible for 
the bleacher to remove or correct stains and spots, it also often 
happens that in doing so he is forced to employ chemicals or treat- 
ments which may in turn produce lack of uniformity or defects in 
tinishing or dyeing. 

A knowledge of the different kinds of stains, their origin, and the 
methods best adajited for (heir removal is very important in the edu- 
cation of the bleacher. Fre([ucntly the origin of defects is often a 
difficult thing to determine and requires some contact or exq^erience 
with the previous life-history of the goods and a knowledge of the 
possibilities of faults introduced by the various manufacturing jirocesses 
through which they have passed. From an economic point of view it 
is generally best to avoid the production of stains as far as possible 
rather than to rely upon the efficacy of bleaching to eliminate them. 
In most cases a chemical investigation, if carefully carried out by one 
experienced in the art, will explain the origin of (he trouble; though 
frequently when applied to the finished goods without due reference 
to the condition and the method of processing the material in bleach- 
ing, such a chemical investigation may lead one far astray. It is seldom 
that the chemicals employed in bleaching are to be found present 
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the process. NevenheIesl%erLm’fa^lts'm*^V^rf^ removed in 
use of such chemicals, which fact howpvpr ^ be due to the improper 
with accuracy by a cheniicd examiiair.’f‘'?,“''*c”^‘. ascer'taii^d 
would require an examination and checkino un nril^"i'f'^1 goods, but 
■tself. Sometimes defects originate in purely u.cchS’";LP™,^";^ 



hiv. 25,5. Apparatus for Cliloring and Wasliing Union (ioods 

Cotton. 


to Clear Wliitc 


lo take notice of defects already nrespni ^ t ‘ri order 

prominent oil stains so that oroner nUo 
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Faults Due to Uneven Weaving. 

'hat differenri"'? "’ay sometimes arise from the fact 

'■'lling; or d ffeS mtSel'of “'■\®'”PWed in the warp and 

aitterent qualities of yarn may be found in the filling of 




468 


BLEACHING 


various pieces which will cause these pieces to assume a different 
tone of color on bleaching. Again, if fabrics are made from yarn 
which has already been bleached slightly, or “creamed,” faults may 
also arise therefrom. Different qualities of cotton raw stock and im- 
proper bTending may also be the cause of uneven colors. Such de- 
fects will usually show themselves in the form of straight streaks, bands, 
or lines running with the filling or the warp, as the case may be, 
exhibiting a slight difference in color or surface appearance, and be- 
coming more apparent when the fabric is held towaid the light. Slight 
differences in the count or twist of the yarn will also show up as 
similar defects in the bleached cloth. No precautions of the bleacher 
will obviate these defects inherent in the structure of the fabric, though 
finishing and sizing of the cloth will frequently cause them to become 
less apparent. 

3. Stains Due to Tar and Asphaltum. 

The^e are mostly present in the gray cloth and frequently arise 
from marks made on the ends of the pieces for purj)()ses of identifica- 
tion and control. In some cases it is desirable to have these marks 
or numbers withstand the normal bleaching oi)erations so as to carry 
throughout the identification of the pieces to the finished fabric. Under 
such circumstances the bleacher is not concerned with their removal 
though he should take the precaution to see that such marks do not 
bleed or smut off to other portions of the cloth. In cases where such 
marks are only desired to remain on the goods up to the bleaching 
operations, inks or crayons should be used which give marks capable of 
easy removal in the usual bleaching operations and without danger 
of smearing the rest of the cloth. In cases where the bleacher is re- 
quired to remove stains of tar or asphaltum which have been inad- 
vertently or improperly applied, it will be necessary to pick these out 
and give them a local treatment with turpentine oil, benzine, 'fetrapol 
or other similar suitable solvent. 

4. Mildew Stains. 

In the air there are always present spores of micro-organisms 
that produce mildew when they become attached to a suitable cul- 
ture medium, such as may be found in cotton cloth in a warm damp 
condition. The sizing present in the yarn furnishes a fertile ground 
for the growth of these fungus-like organisms; therefore it is not 
safe to leave the damp material exposed in a warm room for any 
length of time. Sized or even raw cotton cloth containing starch, 
gums gr albuminous substances is especially liable to become stained 
with mould and mildew. Bleached cloth without finishing materials 
is not very subject to this defect, as the pure cotton itself does not 
afford a proper food for the development of the organisms. Mildew 
or mould may be caused by a variety of organisms and the stains 
resulting therefrom may be of different colors, such as yellow, red, 
green or black. The shapes of the stains may also be various, though 
these are mostly round. The formation of mildew in bleached and 



FAULTS IN BLEACHING 


469 

sized cloth may readily be prevented by the addition of a small amount 
of a suitable antiseptic to the finishing materials. The chief anti- 
septics used are salicylic acid, zinc chloride, sodium bisulfite, boric acid 
and formaldehyde. Isolated mildew spots may be removed by scour- 
ing with a preparation such as Tetrapol and rinsinj^ in warm water; 
also a treatment with citric acid is efficacious in many cases. Where 
the spots are strongly colored a treatment with perborate is recom- 
mended by Kind. 

Mildew stains arc easily recognized by their peculiar musty odor, 
and the vegetable growth may easily be observed under the microscope. 



Fic, J 5 1. — Soakiiif’, Soaping and Wa'^hiii)^ Atacliiiie for Curtains, Fm- 
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Dry rooms and good ventilation arc the best preventatives of mildew. 

Mildew generally does not become apparent until the goods are 
nearly finished in bleaching. To get rid of mildew requires a good 
lye boiling and a strong cheinic, with a thorough washing. 

Fermentation will sometimes arise in fabrics due to the gum, grease, 
and resinous matters of the fibers dissolving in hot water in the steep- 
ing operations. These substances will rapidly engender fermenta- 
tion, with the result that the goods will become tendered, and usually 
fhe damage will not show up until after the material has been bleached. 
Fermentation may be stopped by boiling, or better by treatment with 
a weak bleach liquor. 
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Wet wood is often covered with fungus similar to mildew which 
is readily transferred to the cloth. Spots caused by resinous matters 
from pine wood will disappear in the treatment with alkaline liquors. 


5. Stains Due to Singeing and Heating. 

These are usually yellowish brown stains caused by local over- 
heating of the fabric during the process of singeing. These stains 
usually disappear in the bleacliing. Sometimes smoky flames in the 
singeing machine will cause a streak of sooty discoloration. 

Yellowish stains on hot calendered cotton goods are sometimes 
caused by faulty bleaching. These stains are of a brownish yellow 



Fig. 255. — Chemickiiii; and Souring Apparatus for Small Goods. 

color and arc distinctly noticeable when the goods come fresh from the 
calender, and they usually fade to a yellowish tinge after long stand- 
ing in the air. Investigation in many cases has shown that cloth in which 
these stains are developed has been bleached in a chloride of lime liquor, 
and then folded down in piles exposed to the air. On standing in the 
air in contact with the chloride of lime solution, there is liabdity of 
having portions of the cloth become more or less dried by evaporation. 
Under such conditions the bleaching liquor in the cloth will become 
quite concentrated, and in consequence may act on the cellulose of the 
fiber, converting it into oxycellulosc. On application of heat to these 
places the decomposition of the fiber is rapidly brought about, lead- 
ing to the brownish discoloration as well as a weakening of the fiber. 
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That oxycellulose exists at these stains may be proved by testing the 
fabric with Fehling’s solution. 


6 . Water Stains. 

In order to have faultless bleaching the first essential is to have 
an adequate supply of good pure water. Dirty turbid water should 
never be used for bleaching as the impurities in the water will be taken 
up and absorbed by the cotton, giving rise to various sorts of yellowish 
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and greenish stains. By proper filtration it is usually possible to 
obtain a clear pure water free from sedimentary impurities including 
both mineral and insoluble organic matter. Contamination with much 
organic matter, either insoluble or dissolved, usually causes yellowish 
stains on the goods. Hard water (although clear and colorless in ap- 
pearance) may sometimes lead to water stains by reason of the calcium 
and magnesium salts forming greasy insoluble precipitates with soap 
solutions which may be used for softening the bleached cottbn. These 
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insoluble metallic soaps on being heated (in contact with drying cans 
or calenders) may turn a yellowish or brownish color. The diffi- 
culty with this character of stain is that it does not appear until the 
goods arc finished. Water containing dissolved iron salts (which 
are very likely to occur in water containing much soluble organic 
matter) is also liable to cause stains. Stains of this nature usually re- 
quire a treatment with a <lilute solution of hydrochloric or oxalic acid 
for their removal. 

The use of hard water in connection with soap solutions in the 
washing or scouring of cotton goods is sometimes a cause of subsc- 
(luent yellowing of the bleached material. The general properties of 
hard water and the effect of the calcium and magnesium salts produc- 
ing the hardness on soa]) solution^ ha\e already been discussed m a 
previous chapter (see page .17). In the bleaching of cotton fabrics 
the use of hard water is perhaps not quite so objectionable as in 
the scouring of wool and silk; nevertheless there are certain features 

in this c.)nnection which it is well to hear in mind. It is said that 

the nitrogenous or protoplasmic constituents of cotton are changed by 

boiling wdth hard water into less soluble compounds/ which con- 

sequently become more difficult to remove by the soda boil, and which, 
if left, afterwards absorb chlorine in the bleach and thus may cause 
subsequent trouble." In cases where soap solutions arc employed in 
connection with cotton bleaching it is well to remember that though 
calcium and magnesium soaps arc nearly all white when freshly pre- 
pared by precipitation, when they are dried and aged they often de- 
velop a yellowish or brownish color, the dei)th of such color depend- 
ing considerably on the oil from which the soa]) has been made. The 
magnesium .soaps are often more colored than those of calcium. If 
these soaps become fixed in the cotton fibers, the goods may apfiear 
all right when nearly finished, but may develop a color on keeping. 
'This fault is the more likely to occur when the hardness of the water 
is due to magnesium,^ both on account of the more marked color of 
the magnesium .soaps and also to the comparative slowness with which 
the magnesium hardness is decomposed by .soaps.”* The gradual de- 
composition of the lime and magnesinm soaps of oils whose fatty acids 
have a distinctixe odor, such as cotton seed or soya oil, is often ac- 
companied by the odnr of the oil. Resin .soaps also tend to dcveloj) 
color, eonseciuently soaps containing rosin arc particularly nnsiiitcd 
for use with hard water. When it is necessary to employ a hard water 
only snaps whose fatty acids are of a light color should be used, while 
with soft water many cheaper colored soaps are comparatively safe.'^ 

’The edect of hard water in the soila boil is shown by the followinj^ tests: h'qual weiRhts 
of lotton were boiled with soda solution made with distilleel water and with watei con- 
taining 40 parts of permanent haidness per loo.f.oo. The soaps ami nitroRi nons matter iiresent 
in the extract were then deterinitn cl , m each ea^-e it was found that the use of hard water 
caused less oil and nitrogenous >-ubstancc s to he extr.icted fiom the fiber 

* d'rotman ami Thorj), J^nimplcs ot HUdilnnK and rmishing Cotton Goods, page S2 

^ Magnesium hardness difters somewhat from that due to calcium in tli.it it is rather slowly 
decomjiosed by soap, and hence is rnoie dangerous (Tiotman and Thorp, ibid., p. 52), 

* Trotrnan, Jour. Soc. Client. Ind , icms. J). 267. 

“ It may readily be seen that when wMshing with liarel water is carried out after treatment 
with soa]), tlic soap resiclues, insteacl of dissolving ancl_ being removed by the watci , arc de- 
compusccl and deposited as lime and magnesium soaps in the fabric. The dilTcrcnce between 
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Sometimes the waters used in connection with bleached cotton may 
contain sodium chloride or sodium sulfate, and if these substances are 
left in the fiber to any material extent the tinished fabric will feel 
damp, d'his is due to the fact that these ‘^alts are by^ro^coj)!^' It 
is frequently stated that the presence of sodium sulfate or chloride in 
water reduces the latlienni^ power of soaps, but ex])eriinents made 
by Trotman do not confirm this view; on the other hand, however, 
they do actively hinder ])e(lesis. They also inhibit to a marked dej^rec 
the hydrolysis and removal of the impurities of cotton by the caustic 
soda boil. 


7. Oil and Grease Stains. 

These usually occur as contaminations on ‘the raw cotton cloth, 
having been picked up in the weaving or other mechanical processes. 
Oily yarn stains are also often to be noticed appearing as short thin 
straight dark lines following the thread. These stains are usually due 
to mineral oil used in machinery luhrication. h'rcsh oil stains are not 
so difhcult to remove, but when once dried into the liber the difli- 
culty of cleaning is much increased.'^ 'flic oil as it gets on the yarn 
or cloth is usually mixed with fine particles of iron and carbon which 
leave a dark stain on the material even if the oil itself is removed (as 
by a solvent). If the cloth has been singed the oil spots will be more 
or less decomposed into tarry matter and carbon. Oil spots arc usually 
removed in tlie kicr boil, but if of such a character as to resist the 
alkali treatment special preparations must be used, cither as additions to 
the kier or i’/ subsequent treatment. Thies suggests the us(' of a 
mixture of 3 jarts of mineral oil and to parts of vegetable oil as a 
lubricating mixture in order to prevent the formation of difficultly 
removable stains. Scheurcr recommends the use of olive oil and paraffin 
oil as an addition to the kicr for the purpose of removing oil stains. 

goods scoured with hard and soft wafer can alwa>s he (hteit(d l»v analysis, for tlie former 
wdl contain fiom 03 P<r»ent of fixed fats, wlieiea-j the lattci will only contain a trace 

of such compounds (see Trotman and TIioi p, Bleaching and Funsliin^ of Cotton Goods', p 53). 

“ Experiments were made by Trotin.m on finishing thiee pieeis of the <;amc fabric with 
distilled water and with water containing 17 grams pi r g.illon of sodium sulfate and chloride 
respectively. After drying and exposing to the air for several <lays the moistuie conlint 
was then dcteimined to be as follows: (1) 383. (r) 7.50, (3) 700 perci nt resi»ectively 

' For the removal of mineral oil stains irom calico in bleaihing. Sc hwcit/er r<.tomrncnds 
the addition of aniline or phenol to the soda lye Accoiding to this ]nncess the best results are 
obtained by using small quantities of aniline oil or phenol which may be dissolved readily in a 
soap Solution The cloth is steeped in a solution containing (> quarts of aniline oil, 23 gal- 
lons of water and 10 pounds of soap In fore bcung run 111(0 the kier It is said that 3 gallons 
of aniline oil will be suflitieiit to ticat 4000 jiounds of tlotli. Aecording to Saget (Rcz>. Gen 
Mat. Color., Feb , 1901) the same result may be attained by the use of Turkey-red oil and 
then steamed without pressure The Turkcy-icd oil ni.ay also be added to the contents of the 
kier, whether this consists of lime, soda ash or caustic soda (Tin- gallon of the oil jier 300 
gallons of caustic soda solution of 2 ° T\v. are said to be sufficient Where soda ash is used 
the oil is added like resin soap, and when lime is employed, the oil is added to the lime after 
slaking, and the use of the oil with the lime boil is said to give better results than with 
caustic soda. For the preparation of such a liquor, slaked lime is mixed with its own weight 
of the oil, and then diluted with water; a milky liquid is thus obtained which settles very 
slowly, and if the solution is waim it will penetrate the cloth 111 a very perfect manner. In 
acldition to the removal of mineral oil .stains, coltmi bh.iclud with the aid of 'fuikey-rfd 
oil is much softer in feel, and it is claimed that the chemicking is rendered easier and more 
rapid. An addition of sodium bisulfite may also be made in conjunction with the .above process 
In this case an amount of sodium bisuHite (30° Be?.), ccpial in weight to the Turkey-red oil 
employed, is added to the oil and lime mixture prcpaied m the manner above described. The 
cloth IS passed through this liquor at 130° F. and then run into the kier and steamed under 
pressure, In this connection care must be taken to have all air expelled from the kier by 
steam, otherwise there will be danger of tendering the fiber. 
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A mixture of equal parts of shale oil and olive oil (or rape seed oil) is 
said to give good results with either the lime or caustic soda boil. The 
addition of a small amount of soap to the kier is also to be recom- 
mended as being quite efficient. Oil stains have always been the bete 
noir of the bleacher, and many suggestions have been made as to meth- 
ods for their prevention and removal. It is now becoming more and 
more the custom of mills engaged in the spinning and weaving of cotton 
yarn and cloth for white goods to make a careful study and selection 
of the lubricating oils that are used on the bearings of the different 
machines. In cases where it is well-nigh impossible to so arrange 
matters to totally prevent accidental and occasional contact of the 
material with oil, it is recognized as a necessity to select a lubricating 
oil that is a suitable mixture of vegetable and mineral oils, so that 
the resulting stains are easily and completely removed in the kier boil. 



Fig. 257.— Bleach Vat for Small Wares. 


Such oils should always be used in spinning and weaving machinery. 
Greater care is now also exercised in the prevention of oil drippings 
from overhead shaft bearings by the use either of suitable drip 
pans or of special forms of bearings and oil cups which are so de- 
signed as to eliminate all possibility of dripping. Since the proper 
recognition of the great saving effected in the elimination of oil stains, 
this disagreeable feature has been largely done away with at the present 
time. For the removal of very persistent oil stains it has been recom- 
mended to use small quantities of aniline oil or phenol (carbolic 
acid) as additions to the kier liquor,® but though experiments have 
indicated that such a treatment is very successful it does not seem 
to adapt itself to practical use. Saget recommends the impregnation 
of the cloth with Turkey-red oil, steaming, and then boiling in the 
kier. Also effective results may be obtained by the addition of the 
Turkey-red oil directly to the kier liquor. Grandmougin suggests the 
use of a mixture of Turkey-red oil and resin soap as an addition to 
the alkali boil in the kier. Other preparations recommended for the 
same purpose are Monopol Soap, Iso Soap, Turkone Oil and Tetrapol 
(a combination of soap and carbon tetrachloride). 

• Ger. Pat. 88 , 432 . 
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8. Kier Stains. 

By far the most common stains occurring in bleaching are those 
produced in the kier. These are usually yellowish or browish stains 
and arc due to the local accumulation of the precipitated pectin matters 
from the spent kier liquor. They are frequently due to uneven packing 
or the sudden chilling of the liquor by coming in contact with cold 
water. Such stains are more liable to occur at the top of the kier 
by the filtering out of the impurities in the kier liquor as it is circu- 
lated through the goods. These stains arc usually easily removed in 



lun, 258.- -Scutcher for Opening Goods in Pope horin (Text. Fin. Mchy. Co.). 

the subsequent processes of chemicking and souring and unless present 
in great amount and inteirsity are liable to cause but little trouble. If, 
however, these precipitated pectin matters become overheated or dried 
(hey then become quite tirnily fixed in the goods and are rather diffi- 
cult to completely remove. Other kier .stains may be caused by rust 
on the sides or bottom of the kier; these are usually of a reddish 
brown color and show the jircsence of consideiable iron. Treatment 
with dilute hydrochloric or oxalic acid will usually remove stains of 
this character ; though if the stain has become dried into the fabric 
it may then offer considerable resistance to removal. Another form 
of kier stain may arise in the lime boil where milk of lime is used and 
undissolved particles of lime may become enmeshed in the goods. These 
may cause so-called “burnt’' spots which arc brown in color and show 
a weakness in the fiber; also such stains are limited to small sjiots. 
A further variety of kier stain may arise from the formation of 
oxycellulosc in the kier boiling due to the presence of air in the 
kier. The oxidation of the fiber causes a gradual break-down in its 
structure leading to weakness and the formation of light yellowish 
or brownish stains which generally do not develop until the goods have 
been stored for some time (often .several months). It is frequently 
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very difficult to determine jtist the exact cause of this kind of staiU 
or discoloration. It is easy to determine tlie presence of lime (by 
an ash test), but it is not always possible to determine if the oxycel- 
lulose was formed in the kier treatment or in some of the subse- 
quent processes of bleaching. Treatment with a boiling dilute solution 
of caustic soda or soda ash will usually remove the greater part of 
these stains, and also (strange to say) considerably strengthen the 
tender places in the injured fiber. 



Fig. 259 — Folt-on-Giiidcr for Goods in ItloachiiK; (Text. Fin. Mcliv. Co.). 


9. Resin and Alkali Stains. 

Occasionally yellowish stains arc to be found on goods where resin 
soap has been used in boiling. These are caused by metallic salts in 
hard water precipitating resin soaps. Hardness due to magnesium 
salts will give darker resin stains than that due to calcium salts. Im- 
purities in caustic soda or soda ash used in the kier may also cause 
stains. Lauber gives an example of reddish stains on boilcd-oiit goods 
caused by manganese compounds in the caustic soda used. Uneven 
streaks or stains on bleached goods that are siibsc([uently dyed may 
occasionally be due to highly concentrated caustic soda li(jUors com- 
ing in contact with the goods m tlu‘ kier and producing irregular and 
partial mcrcerization. As the mercerized fiber dyes up a darker color 
streaks will result where mercerization has taken place. 

10. Rust and Iron Stains. 

These have a characteristic reddish or brownish color and may be 
identified by the ferrocyanidc test (moistening with a drop of pure 
hydrochloric acid followed by a drop of potassium ferrocyanide solu- 
tion, when a blue color will result in the presence of iron). These 
stains are often jiroduced by allowing the moist goods to lie in con- 
tact with iron surfaces such as steam or water pipes, iron kier grat- 
ings, iron bolts, etc. To prevent iron stains from the kier, all the 
iron surfaces in the latter which come in contact with the goods should 
be given a coat of whitewash from time to time, or the kier may be 
lined with coarse cloth. Care should be taken, however, never to allow 
the boiled-out goods to remain unnecessarily long in the kier. Rust 
stains may also get on the goods from water which has lain a long 
time in the pipes. When starting operations at the beginning of the 
week, for example, the water first drawn may often be contaminated 
with sludge of iron rust, and care should be taken not to allow this to 
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be brouglil in contact with the goods. Also condensed water (which 
is practically distilled water), or e\cn very soft water if stored in iron 
tanks or pipes, will rapidly dissolve a relatively large proportion of 
iron, which will subsequently separate out as a sludge of iron rust and 
if proper care is not observed had stains are liable to arise. Iron 
stains which have been freshly made will usually disappear in the 
bleaching and cause but little trouble. Old iron stains, however, which 
have dried into the fiber offer considerable resistance to removal. 
The difficulty of getting rid of iron stains is also complicated if ac- 
companied by oil and grease, as is often the case. The best treatment 
to adopt is to use a bath of warm dilute oxalic acid or a dilute bath of 
sodium bisulfite. Dilute hydrochloric acid (i° Tw.) may also be 
employed with good results in many cases. It is also stated that treat- 
ing the stains with a rather concentrated solution of sodium billuoride 
will remove even the most resistant rust without injury to the fiber. 
When the rust stain is combined with oil it is recommended to treat 
with a hot solution of i part of neutral soap, r part of glycerin and 
3 parts of water.® Another jiroccss recommended for the removal 
of old iron stains is to first treat with an acid solution of potassium 
ferrocyanide which will cause the formation of Prussian Blue; a treat- 
ment \\ith caustic soda solution is next given which will convert the blue 
into freshly formed iron hydrate, and the latter is then easily removed 
by dissolving in dilute hydrochloric acid. Burmol (a hydrosulfite 
preparation) is also recommended for the removal of rust stains; it 
is used in a lukewarm solution and is usually applied locally. 

11. Lead Suiins. 

These ma) .irise at times in the case of goods bleached with hypo- 
chlorite liquors in contact with lead surfaces, such as pipes or lead 
lined apparatus. Plypochlorite liquors, especially in the presence of 
air in contact ^\ith lead, produce a dark brown lead peroxide which 
is readily absorbed by the cotton. Kiers or kettles used for high pressure 
boiling with caustic soda should not be lined with lead. i.cad stains 
should be treated with hydrochloric acid and well washed. 

12. Stains Due to Oxycellulose. 

Probably the chief defect to be met with in bleached goods is that 
due to the formation and presence of oxycellulose. As already 
described in previous pages this can arise by oxidation of the cotton 
cellulose both in the alkali or lime boil in the kier and in the bleaching 
processes with hypochlorite and acids. The formation of oxycellulose 
not only leads to a tendering of the fiber, but also causes yellowish 
or brownish stains to develop on storing. The prevention of such stains 
necessitates a very careful attention to the details of both boiling-out 
and bleaching, and very fre(|uently it is a matter of extreme difficulty 
to locate the exact cause of the trouble. The brown color due to oxy- 
cellulose may generally be cither completely or very materially removed 
by treating with a hot dilute solution of caustic soda. The lack of 

•Weber, Jour. Soc. Chem. hid, 1892, 
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proper removal of all traces of hypochlorite or free chlorine or acid 
liquors from the cotton is a frequent cause of the formation of oxycel- 
lulose (or hydrocellulo'se) and the production of subsequent stains. All 
bleached goods should be carefully tested to ascertain if such chemi- 
cal residues are present. Traces of acid may be tested for with Congo 
Red (either the test paper or the solution), which turns blue or black 
in the presence of mineral acids. hVee chlorine may be detected by 



Fk.. 260. — Overhead Frilliiii^ huldcr (Text. hin. Mdiy. Co.). 


testing the goods with a solution of potassium iodide and starch paste, 
which will show a blue or black coloration with chlorine, even in very 
slight amount. 

Oxycellulose is a rather indefinite name given to products obtained 
from cotton by the action of oxidizing agents and resulting in a tender- 
ing of the fiber. Witz has published the results of an extensive and 
interesting research on the formation and properties of this body. 
According to him, it is formed by the reaction of nearly all oxidizing 
agents, such as chlorine, chlorine acids, chromic acids, dilute nitric 
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acids, alkalies in presence of air, etc., on cotton. By its formation 
the strength and resistance of the ’fiber is considerably diminished, 
especially when the cotton, after oxidation, is treated with alkali or 
soap; on the other hand the affinity of the cotton for basic coloring 
matters is considerably increased, while it is lessened for the acid and 
suhstantivc dyes. The oxycellnlose described by C ross and Bevan docs 
not appear to be identical with that of Witz. These former chemists 
obtained their product by treating cotton on a water-bath with nitric 
acid of 50 percent strength, washing out, dissolving in alkali, and re- 
precipitating with acid. The “oxycellnlose” thus obtained does not 
exhibit a greater affinity towards the basic dyes than does ordinary 
cotton. Another alteration product of cotton, known as “hydrocel- 
lulose,” is often confused with oxycellnlose, from which, however, it 
appears to differ both in manner of formation and in properties. 

Hydrocellulosc has been rather comprehensively studied by Girard ; 
it is formed by the action of acids and acid salts on cotton, and does not 
possess the property of fixing the basic coloring matters. Hydrocellulose 
is also formed when cotton is boiled with water under pressure. A 
hydrocellulose can also be produced by the action of strong caustic 
soda solutions on cotton as in the process of merccrization. Schwalbe 
icgards hydrocellulose as having the formula 6 C(.Hi(,05.H20. The 
hydrocclluloscs are distinguished from oxycellnlose in having a much 
less reducing action on Fehling’s solution. Hydrocelluloses formed by 
the action of non-oxidizing acids have a copper reducing value of 
to 8.8, while that for oxycellnlose ri.ses to as high as 34.9. In some 
cases, such as in the action of acid oxidizing agents, there is doubtless 
a sinuiltane( ii> formation of both oxyccllulose and hydroccllnlose 

Oxycellulo^c may be developed in cotton during boiling with either 
caustic soda or lime, and it will form more particularly on those parts 
of the goods which become dried while still impregnated with the 
alkali. Hypochlorites may also cause the formation of oxycellnlose if 
the solutions are too concentrated or if employed at too high a tempera- 
ture or for too prolonged a period. Chloride of lime solutions are more 
liable to produce oxyccllulose than corresponding solutions of sodium 
hy])Ochloritc, and a further defect in the use of chloride of lime solu- 
tions is due to the fact that these liquors are liable to contain small 
particles of undissolved solid bleaching powder, and when these be- 
come lodged in the goods and are allowed to dry therein, oxyccllulose 
may be developed to such an extent as to completely rot the goods at the 
point of contact, thus causing holes and tender places to appear. In 
such cases the goods are properly known as being “burnt” in these 
places. 

It has been recently shown that the presence of certain finely 
divided metals may act as catalytic agents and greatly increase the 
activity of hypochlorite solutions on cotton. Cotton containing finely 
ground copper or brass (derived from droppings of lubricating oil 
on the goods) will become tendered when bleached with hypochlorite 
liquors. Peroxide of lead (derived from the action of hypochlorite 
liquor on metallic lead) may also result in the tendering of cotton, es- 
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pecially if such goods arc subsequently treated to a caustic soda boil. 

Oxycellulose may be tested for in bleached cotton goods by staining 
with a solution of Methylene Blue, a darker color appearing where 
oxycellulose is present. This test, however, is not very satisfactory, 
a better one being the test with Fchling’s solution, which will give red 
cuprous oxide, easily detected when in the presence of only traces 



Fic, j 62.— Upright Dyeing Machine with Folder ( Text. Fin. Mchy. Co.). 


of oxycellulose. Oxycellulose dissolves to a yellow li(|uid when warmed 
with caustic soda solution. The yellow discoloralions which sometimes 
gradually develop on bleached fabrics arc often due to the presence of 
oxycellulose. 

13. Stains Arising in Storing Bleached Goods. 

Fabrics may turn yellowish on storing at times, and this may be 
due to imperfect bleaching, whereby the heart of the fiber is not 
completely bleached, and the only remedy in such a case is to bleach 
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the goods over again. Or it may be due to over-bleaching, wliereby 
oxycellulose is formed, which in time changes to a yellow color. This 
fault is without remedy except with injury to the fabrics, as on re- 
bleaching with chloride of lime this oxycellulose will be disintegrated 
and the fiber weakened. If the soap is not well removed from the 
fiber at the end of the bleaching, or if impure and highly colored soap 
is used, the goods will generally become yellowish in time. Kesin soap 
if used after the treatment with chloride of lime will cause the forma- 
tion of calcium resinate in the fiber, which at first is white in color, 
but this gradually turns to a yellow color, hence it is best never to 
use a resin soap after a chemic. 

Oil stains, as already pointed out, are very likely to occur at times 
on bleached goods, and generally they do not make their appearance 
until some time after the goods have been bleached and stored. They 
are usually seen in the form of yellow streaks or spots, and in some 
cases may be traced to the use of paraffin in the warp sizing. The 
paraffin wax not being saponifiable is not extracted by the alkalies used 
111 boiling-out the cotton, and when subsequently acted upon by the 
chlorine of the chloride of lime is converted into chlorine compounds 
which turn yellow on exposure to the air. 

A yellow color may also develop on bleached cotton after storing 
through the use of improper fats or oils in the dressing or softening 
materials applied in the sizing or finishing of the goods after bleaching. 
Tallow, palm and cocoanut oils arc extensively used for this pur- 
pose. If the fatty matters are not of good quality they may develop 
rancidity in time, resulting in the formation of a yellowish color on 
the goods. This defect may usually be detected by a rancid odor in 
the cotton. 

The occurrence of oily threads in bleached goods may give rise to 
tendering, owing to the fine particles of metal contained in the oil which 
are usually derived from the bearings of machinery. These threads 
are usually black in color, and contain finely ground copper or copper 
oxide. This seems to act catalytically in the bleaching process, resulting 
in an excessive local oxidation of the fabric, though the full effect of 
this action may not develop until after the goods have been stored. 

Mercuric chloride is sometimes employed as an antiseptic in the 
starch finish used in sizing yarns. This salt will attack brass rolls (of 
mangles) and in this way copper may become deposited on the goods. 
It is therefore recommended that when using metallic salts as anti- 
septics, salts of the more electropositive elements should be employed. 

14. Wood Stains. 

When moist cloth (especially if containing soap or alkali) is allowed 
to remain in contact with wood, as in bins, lattice frames or tables, 
there is danger of wood stains being formed. Some kinds of wood 
are more liable to cause stains than others, and on this account careful 
attention should be paid to the proper selection of the wood to be 
used in the construction of apparatus for bleaching. Cypress is es- 
pecially well adapted for this purpose. 
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15. • Grass Stains. 

Linen material which is bleached by exposure on the grass for long 
periods of time is very hard to keep free from stains both from the 
soil and the grass itself. These often require special treatment with 
soap, oxalic acid or perborate for their removal. Of course this char- 
acter of stain is not liable to be met with in the modern practice of 
cotton bleaching. 

16. Testing of Quality of Bleached Cotton. 

It is quite possible by the application of certain chemical tests to 
ascertain if a fabric has been properly bleached. The more important 
of these tests may be enumerated as follows: 

(a) JJetermination of Ash . — For this purpose lo grams of the 
sample are cut up into small pieces and ignited in a weighed crucible 
until all combustible matter is burned away. In order to obtain a 
quick and thorough ignition it is well to burn the strips of cloth or 
yarn by holding them in a forceps in a Haine over the crucible. The 
charred mass of cotton will retain its form and hold together so that 
it may readily be placed in the crucible for complete ignition. The 
resulting mineral matter or ash is weighed and its percentage on the 
wciglit of the sample calculated. Kaw cotton will contain about i to 
1.3 percent of ash; well boiled-out cotton will give about 0.3 to 0.5 
percent of ash, while well bleached cotton will give only 0.02 to 0.15 
percent of ash. When bleached with chloride of lime the amount 
will vary from 0.08 to 0.15 percent, depending on the thoroughness 
of souring and washing. When soured with hydrochloric acid the 
ash will be ^omewhat lower than when sulfuric acid or antichlor is 
used. ( otton bleached with sodium hypochlorite and properly v^ashed 
should give only 0.02 to o.io percent of ash. If hard water is used 
for washing a higher percentage of ash is shown than when soft 
water is employed. If the bleached cotton has been softened or fin- 
ished with soaps or metallic salts, of course a much higher percent- 
age of ash may be shown than is given above. In such cases the sam- 
ple should first be well washed in hot water before testing for the ash, 
as otherwise the results would be misleading. In testing bleached cot- 
ton for the ash factor the sample should be taken before any soften- 
ing or finishing materials have been added, so that the ash may repre- 
sent only the mineral matter in the bleached fiber itself. The amount 
of ash thus obtained is a very important indication of the quality of 
the bleach.^® If the ash is high (over 0.20 percent) there will be 
considerable danger of the fabric turning yellow on storing. The 
cause of this is rather obscure, but is probably due to the presence of 
lime salts in the fiber acting as a catalyzer in the action of the air on 
the cellulose of the cotton, resulting in the formation of oxycellulose 
which shows yellowish stains, and if the action has proceeded to any 
considerable extent a distinct tendering will also be observed. The 

’®Thc autlior has had occasion to examine a very large number of samples of many differ- 
ent kinds of bleached cotton fabrics and yarns where yellowish discolorations developed on 
storing often accompanied by tciidciing In practically every case the yellow and tender 
parts of the goods showed a much higher proportion of ash than the rest of the material. 




Fig. 263 — Horizontal Drying Cans for Bleached Cloth. 
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relatively high amount of ash may arise from residues of lime salts 
left in the goods from the bleaching baths (when using chloride of 
lime) or from the use of hard water in washing. 

(b) Determination of Oxycellulose .- — As already pointed out oxy- 
cellulose may be developed in bleached cotton through excessive oxi- 
dation by employing liypochlorite liquors of too great strength, at too 
high a temperature or for too long a period of time. It may also be 
formed by improper boiling-out, such, for instance, as kier-boiling the 
cotton in the presence of air. Furthermore, by allowing acid to dry 
into the liber, a hydroccllulose is formed, which for all practical pur- 



Fin. 264. — Cell Dryer for Cloth (Biittcrworth). 


poses may be considered the same as oxycellulose with respect to the 
effects on the quality of the bleached goods. 'I'he formation of oxy- 
cellulose is one of the chief defects to be met with in the bleaching 
of cotton goods, for if the cellulose of the liber has suffered any seri- 
ous degree of alteration into oxycellulose, tendering will invariably 
result. 

In order to test bleached cotton for the ])rcscncc of oxycellulose, 
there may be called into use the fact that the latter body has quite an 
affinity for Methylene Pdue, or indeed for basic colors in general, 
whereas unaltered cotton has not.^^ Another more reliable test has 
been proposed, which is the property of oxycellulose to reduce Feh- 

” This test may be carried out by boihnp some of the cotton cloth for 5 to 10 minutes in 
a solution containinR i part of MethylLiic Illue in 1000 parts of water and rinsing well. A 
deep blue tint will develop in places where oxycellulose may be present, whereas the body ot 
the sample will only show a faint tint. This test, however, is not very satisfactory, especially 
when the formation of oxycellulose i.s not very strongly marked. The test with Fehling's solu- 
tion, on the whole, is much to be preferred. 
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ling’s solution. For this purpose, the material to be tested is first 
treated in such a manner as to remove the substances used in fin- 
ishing, and is then digested for 15 minutes on a water-bath with a 10 



Fir., 265. — Light I’riction Calender for Narrow h^abries (d J'i”- MCiy. Co.). 

percent Fehling’s solution,^- and tlien well rinsed with water. If oxy- 
cellulosc is present the fiber will become reddish in color due to the 
formation of red cuprous oxide. When treated with a solution of fer- 

Fetiling’s solution consists of a mixture of copper sulfate, caustic soela and Hoclielle salt. 
The latter is the compound sodium-uolassium tartrate The solution is usually prepared 
in the following manner: yo grams ot pure crystallized^ copper sulfate (bluestone) are dis- 
solved in about 200 c c, of distilled water, and if the solution is not perfectly clear a few drops 
of sulfuric acid are added. There is tlun added a solution tont.iuiiug 350 gi.uns of Rochelle 
salt and 100 grams of caustic soda in about 500 c c. of water The mixtiin is diluted to one 
liter by the proper addition of water. For each test about 25 c c of tins Febling’s solution is 
used. Owing to the fact that a Fchhng’s solution prepared in this manner is liable to undergo 
chemical change and alter in strength, it is frequently made up in the form of two solutions 
and kept in separate bottles. One solution consists of the copper sulfate dissolved in one liter 
of water; the second solution consists of the Rochelle salt and caustic soda in' the same amount 
of water. In making the test in this case 25 c c. of each solution is taken and mixed to- 
gether just previous to use. 

The action of Fehling’s solution is based on the fact that certain organic bodies, like 
glucose and certain sugars have the power of reducing the copper compound present in 
the solution to the form of an insoluble red cupious oxide. This is one of the character- 
istic reactions of oxyccllulose, and serves to distinguish it from unaltered cellulose, which 
gives »o reaction with Fehling’s solution. Hence this method forms a very good means 
of detecting the presence of oxycellulose, especially as the red cuprous oxide is precipitated 
in the fiber where the oxycellulose occurs, and becomes fixed therein, ^ thus indicating ac- 
curately not only the presence of oxycellulose in a general way, but also just where it occurs. 
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rous sulfak cotton which has been converted into oxyccllulose gives a 
much heavier shade tlian with cotton which has been properly bleached ; 
solutions of ferric chloride produce the same effect. Oxyccllulose also 
has a greater affinity for aluminium mordants, which makes itself ap- 
parent when the cotton is dyed with Alizarine. Jtoiling in a i percent 
solution of soda will cause a brown coloration on cotton containing 
oxyccllulose, and the bath also acquires a brownish tint. Steaming of 
over-oxidized cotton causes it to turn yellow in spots. 

(c) The Copper Jiide.v of Bleached Cotton. — The proportion of 
oxyccllulose present in a sample of bleached cotton may be quantita- 
tively indicated by the determination of what is known as the “copper 
index” or “copper value.” This is done in the following manner 
(Schwalbe) : 3 grams of the sample are reduced to a fine state of 
(livision and mixed with 200 c.c. of water and 100 c.c. of Fchlings 
solution (50 c.c. of each solution). The liquid is boiled for 15 min- 
utes with a rellcx condenser with frequent agitation. The liquid is 
then filtered hot, and the residue containing the red cuprous oxide is 
washed with boiling water. The cuprous oxide is then dissolved in 
nitric acid and the amount of copper determined by the electrolytic 
method, d'hc percentage of metallic copper calculated on the weight 
of the dry cellulose sample is called the copper index. These values 
for various cellulose products are given as follows: 


Material Copper Index 

Absorbent cotton . . . 1.64 

Mercerized bleached lys^yptian yarn . . . . 1.9 

Artificial sil'' (GlaiizstolT) . . . i.i 

llydrocellulo.^L . . ..5.2 

Parchment paprr . . . .4.2 

Bleached sulfite wood-pulii • • 3-9 

Overbleached sulfite wood-pulp . . 19.3 

Oxycelhilose from filter paper and bleaching powder . 7.9 

Bleached cotton rag pulp 65 


(d) Test for Acidity . — Jlleached cotton should also be tested 
for acidity, especially by the bleacher immediately after the bleaching 
has been completed. This may be done by boiling a sample of the cloth 
in water, and adding to the water after cooling a few drops of a solu- 
tion of blue litmus; if acid is present, the litmus will turn red in color. 

(e) Test for Chlorine. — The presence of chlorine in bleached 
goods may be determined by boiling a sample of the cloth in a solu- 
tion of potassium iodide containing a few drops of starch solution ; if 
free chlorine is present, the solution or the cloth will turn blue. 

(f) Analysis of Bleached Cotton. — The following method has 
been suggested for testing the quality of bleached cotton,^® that is, to 
ascertain if the bleaching has been properly carried out and in such a 
manner as to preclude the possibility of the goods turning yellow on 
storing, d'he samples, of course, should be taken from the bleached 

Well bleached cotton should also conform to the followinR test: Place a sample of the 
cloth on the surface of some water contained in a porcelain dish; if the sample i.s completely 
and properly bleached it will bciomc wetted out quickly and uniformly, and will sink in the 
water. This test, however, is only adapted to unsized cloth or yarn and that not containing 
any softener or oil. 
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fabric before any softening or finishing compounds have been added. 
There should be a quantitative determination made of: (i) Free Fat, 
by extracting 15 gms. of the material with petroleum ether in a Soxh- 
let; nearly all fabrics will yield some extract, the amount varying from 
I to 1.5 percent in gray goods, and from o.oi to 0.008 percent in 
perfectly bleached fabrics. Bleached goods giving more than 0.04 per- 
cent of ether extract should be rejected. (2) For Lime Soap (com- 
bined fatty acids) ; the weiglied sample which has been extracted with 
ether is steeped for half an hour in a 5 percent solution of hydro- 
chloric acid, washed well with distilled water, dried, and again ex- 
tracted wilh ether in a Soxlilet. The fatty acids thus extracted are 
dried and weighed ; or they may be dissolved in warm alcohol, and 
titrated with N/20 caustic soda and phcnolphthalein. Well bleached 
cotton will contain 0.03 to 0.04 percent of fatty acids, and materials con- 
taining more than 0.08 percent have not been properly soured and 
washed, while those containing more than 0.12 percent should be re- 
jected, (3) For Ash; this is determined in the usual manner by igni- 
tion of a weighed sample, h'ven the best bleached goods will give 0.03 
to 0.05 percent of ash. In most cases the amount of ash corresponds 
to the lime soap present. The following examples are given : 



Free fatty acid 

Fatty acids 

Ash 

Cloth 

Percent 

Percent 

Percent 

Gray 

After boiling with caustic 

1.0448 

0 .T 359 

1.6294 

soda and soda ash 

0.1761 

04923 

0.2230 

Bleached 

0.0210 

00433 

0.0571 


Besides die chemical tests to be applied to bleached cotton certain 
physical tests arc also of importance, such as tensile strength, elas- 
ticity, softness, scroop and quality of color. The tensile strength is 
])crhaps the most important, and this must be determined in compari- 
son with that of the unbleached cotton. Tn the case of cloth, if the 
bleaching process has been properly carried out, there should be little 
or no decrease in tlie strength of the cotton. In some cases there 
may even be an increase of strength after bleaching; this is caused by 
a felting together of the fibers in the cloth, chiefly in the boiling-out 
process. There is also a shrinkage of the yarns in some cases of 
bleaching, making a more compact and solid structure, and this will 
also account for there being no loss in strength. On the other hand, 
in the running of cotton piece goods in bleaching, there may be con- 
siderable tension put on the warp yarns, and this may cause a stretch- 
ing of the cloth lengthwise and also a loss in strength and elasticity. 
Higgins has shown that alteration in strength depends largely on 
the cleanliness of the gray yarn or cloth. If the yarns are well sized 
and contain much foreign matter, the bleaching process will cause a 
decrease in strength, but if the yarn is clean and free from sizing 
there is no such loss. 
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Bleaching of Linen. 


I. Nature of Impurities in Linen. 

Linen differs somewhat from cotton with respect to bleaching in 
that it contains a greater amount of impurities or substances other than 
cellulose. ^ Whereas raw cotton contains only 5 percent of foreign 
matters, linen contains about 25 to 30 percents These substances are 
chiefly composed of waxy and pectin matters resembling, no doubt in 
a general manner, those existing in cotton. It is. however, also en- 
crusted with more or less intercellular matters which differ in com- 
position and properties from the impurities in cotton. Whereas cot- 
ton consists mainly of pure cellulose, flax or linen contains relatively 
large quantities of certain alteration products of cellulose, particularly 
pcctoccllulose. The latter may be considered as a compound of cellu- 
lose with pcctose, a widely distributed vegetable constituent. Pectose, 
up to the present time, has not been isolated in a free state; it is in- 
soluble in water, alcohol, and ether, but through the simultaneous ac- 
tion of acids and heat it furnishes a body soluble in water, and known 
as pectin. The latter is converted by the action of alkalies into an in- 
soluble body possessing acid properties known as pectic acid. Also un- 
der the influence of special ferments, pcctose is converted into soluble 
products. The salts of pectic acid (the pectates) have never been iso- 
lated in a pure condition and little is actually known concerning them. 
There arc other compounds of cellulose also present in the flax fiber, 
to which the names adipo cellulose and ciitocelhilose have been given, 
and it is to the presence of these compounds that the chief difficulties 
attached to the bleaching of flax is attributed. Cutocellulose is a sub- 
stance which appears to form the chief constituent of cork, or the exter- 

’ Strutt relates the following concerning the bleaching of linen in the Middle Ages: “When 
they had completed their linen in the loom they proceeded to use several arts to make it 
more beautiful and soft and to bleach it; the whole process as well as the whitening of 
the flax before it went to the loom was as follows: The spun yarn was put into a mortar, 
where it was pounded and beaten in water; when it was come to a certain whiteness it was 
sent to the jvtaver, and when it was rectived again from him made into cloth, it was laid 
upon a large smooth stone and well beaten with broad-headed cudgels; the more frequently 
it was beaten and the more labor was bt stowed, the softer and whiter the cloth always proved, 
but very frequently they would mingle the juice of poppies with the water which they used on 
these occasions, and it w^as thought to contribute consiaeiably to making the linen more white 
and beautiful Sometimes they used soap to scour their cloths, which soap they made 
from the fat of animals and the aches of certain vegetables.” 

The earliest work wriltin in Fnglish on the subject of bleaching was perhaps that of 
Framis Home in 1756 describing the piactice of bleaching linen in tnc Netherlands and in 
Ireland. 

In the middle of the sevtnteenth century Dr Home of Edinburgh suggested the use 
of water acidulated with sulfuric acid in the bleaching of linen in place of buttermilk or 
sour milk. Dr. James Ferguson of Belfast received recognition from the Irish Linen Board 
for the successful application of lime in bleaching. 
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iial coating of plant tissues. Adipocellulose is a wax or fatty-like sub- 
stance, and as a constituent of the flax fiber it appears to play an 
important part in the spinning operations, imparting suppleness and 
resiliency to the fiber. Various facts seem to indicate that the compo- 
sition of the adipocellulose matter in any variety of flax is a generic 
characteristic of the same, and chemically speaking, the varieties of 
the fiber dififer solely in respect to the nature of their adipocellulose. 
According to the analyses of Hodges and Cross, retted flax contains 



about 3 to 4 percent of adipocelluloses ; and in this connection it may 
be sai(f that the following constituents are to be found in flax : 

Substance Percent 

Pure cellulose ... , . . . . 65 to 70 

Pectic substances .... . . . . 20 to 25 

Woody and cuticular tissue . . 4 to 5 

Ash j 

Linen is more easily afifeeled by alkalies, acids, and hypochlorites 
tlian cotton ; in consequence of which more care must be taken in its 
bleaching in order to preserve the good qualities of the fiber intact. 
\n its general outline the process of bleaching linen is very similar to 
that for cotton, only weaker solutions are employed and a longer time 
is required. It also appears essential for the proper bleaching of linen 
to expose it on a meadow to the action of the sun and dew, generally 
known as “grassing.” The effects produced by grassing are no doubt 
due to the action of ozone or hydrogen peroxide liberated by the sun 
slowly evaporating the dew in the cloth. Again linen has much more 
coloring matter in it than cotton, and these pigments are probably of a 
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different nature than the ones present in cotton; consequently there 
are several grades of linen bleaching, called full, three-quarter, half, 
or one-quarler, according to whether all of the color is taken away 
or only a portion of it. In a full hicach, the linen fiber is always more 
or less weakened. 

Accordin^r to the experiments of Kolb, the pectin matters in the 
linen fiber are converted into meta-pcctic acid when boiled with lime, 
and this meta-pcctic acid then passes into solution. For every loo 
parts so dissolved, 48 parts of lime pass into solution. Linen boiled 



Fig. 268. — Primitive Form of Kicr for Boiling Linen. 

v\ith soda ash alone is usually softer than that boiled with caustic soda, 
which is accounted for by the fact that the former alkali dissolves 
less of the fatty matters which are present in the fiber. Linen boiled 
in lime and caustic soda solutions loses from 15 to 30 percent in weif^ht, 
depending upon the character of the fiber. Bleaching powder solu- 
tions appear to remove very little {lectic acid from the fiber; and in 
fact, the latter apparently prevents the chloride of lime from destroy- 
ing the gray coloring matters in the fiber and becomes fixed itself. 
Hence, the majority of the brown matters (the pectin substances) 
should be completely removed in the boiling-out, otherwise they will 
not be completely removed in the bleaching.^ 

2. Boiling-out of Linen, 

The removal of impurities from linen goods previous to bleaching 
this fiber is accomplished in much the same manner as employed in 
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the case of cotton. Ihc linen is boiled-out in an open or a closed low- 
pressure kier with an alkahne liquor. Milk of lime soda ash or caSc 
soda may be used as the alkaline aRents. The kier should be prodded 
with an efficien device for circulating the liquors through the <.oods 
an, practically the same kiml of apparatus is employed fs in the ca 
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composed of a number of comparatively small cell elements held to- 
gether by a cementing intercellular tissue (in common with all bast 
nbers) and if severe chemical treatments are given to the fiber there 
is grave danger of breaking down the main fiber into its minor con- 



stituents, thus leading to a weakening or disintegration of the fabric 
or thread. It is necessary therefore to avoid too severe a treatment 
in the boiling-out of linen or the use of too strong chemicals in the 
bleaching. On this account the proper and efficient bleaching of linen 
is a somewhat more tedious and complicated process than the bleach- 
ing of cotton.* 

•The boiling-out of flax or linen is somewhat similar to that process as used for cotton, 
although owing to the difference in the nature and amounts of imi>uritics present on these 
two raw fibers there is some dilfircncc in the results obtained. Tlic pictin matters on 
tlax yarns is rendered soluble by prolonged boiling in water alone, but the process is much more 
rapidly carried out if alkaline solutions .are used. Owing to the comiiosite structure of 
the flax fiber as compared with that of cotton, it is natuial to expect that the boiling-out 
would bring about a certain amount of we.akening, due to a loose rung up of the inter- 
cellular cementing tissue holding the small fiber elements together to form the long linen 
fiber. A study on this subject was made a number of years ago by Kolb, who, however 
worked only with small laboratory samples and not under the practical conditions of mill 
operation. IIis conclusions were that (a) the we.akening of the fiber was not proportional 
to the loss in weight due to the boiling-out; (b) the concentration of the caustic soda 
solution used in the boiling-out had but little influtnce on the loss m strength of the fiber, 
(c) caustic soda was more liable to cause weakening than soda ash; (d) milk of lime even 
in the cold produced a weakening effect; (e) the grcati st danger in the boiling-out as far as 
the weakening of the fiber is conceined is a result of a too prolonged boiling, which under 
no circumstances should exceed a period of eight houis 
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In order to remove the large amount of impurities present in linen 

.he o'f X'Slt'ttSert""' 

£? ‘'f'" i'"" fib^r become" mKr’tlle ‘lL'dumble’‘the 

fnbnc. bor the produclmn of ordinary crea.ned linen it is sometimes 



t'hc use n sour, without 

iSr a rrnn,! agent proper (such as hvpochiorile liquor). 

treatments „?eeSSr " “"i 

treatmerns of linen it must be remembered that the fiber is 
ton n. ^ affected by alkalies, acids and bleaching agents than col- 

goods “ Aimtlm ^ ‘ 'f of tendering the 

uw e\ T '■‘'f.®" avoidance of too severe a treatment 

the bo.lmg-out of linen is the danger of “setting” the color™t I 

conmosiUon of H ‘‘"en through an impro’per de- 

position of the natural impurities of the raw fiber. The result will 



496 


BLEACHING 


be that colored resinous bodies are produced which prove to be ex- 
ceedingly difficult to remove or bleach out. ddiis fault in boiling-out 
is one which is very difficult to deal with, and frequently results in the 
production of ruined fabrics or seconds of little value.- It is well on 
this account to avoid the use of too high a temperature in boiling-out 
and the use of too strong alkaline liquors. 

It is also important to preserve as far as possible tlie luster of the 
linen fiber when subjecting it to the various bleaching operations, for 
it is on the luster to a considerable extent that the high and valuable 
quality of linen depends, and if this is lost the value of the material 
is much depreciated. The bleacher considers loss of luster as being 
due to the “skin of the fiber being broken.” On this account it is al- 
ways well to use as weak solutions of chemicals as expedient in the 
treatment of linen, repeating the operations of treatment a number 
of times if necessary to obtain the desired action rather than using 
more concentrated solutions. 

3. Bleaching witdi Chloride of Lime. 

As with cotton, the principal method of bleaching linen is a treat- 
ment with a solution of hypochlorite. Chloride of lime is the chief 
agent used in tiiis case, though of recent years the use of sodium hypo- 
chlorite is coming more and more into favor, especially since the in- 
troduction of liquefied chlorine for the preparation of sodium hypo- 
chlorite bleach liquors. In the use of chloride of lime liquors for the 
bleaching of linen rather weak solutions are employed, considerably 
weaker, as a rule, than when bleaching cotton. While in the latter 
case it is customary to use bleaching powder solutions standing at 
to 23/2° Tw., in the case of linen bleaching the solutions generally em- 
ployed range from to 'I'w. The use of stronger solutions is to 
be avoided, as the fiber is liable to be elecomposed into its cell elements 
with a consequent weakening of the fabric. 

In the u.se of chloride of lime care must also be had to avoid the 
occurrence of residues of the chemical in the bleached fiber, as the 
presence of either chlorine or lime compounds will in time cause a de- 
terioration of the linen. The coloring matter to be bleached from linen 
is quite different both in character and amount from that in cotton. 
Not only is the coloring matter of the cell elements to be considered, 
but also the color in the cementing tissues between the cell elements 
must be reckoned with. In both cases hypochlorite solutions appear 
to be efficient bleaching agents, and the treatments with the solutions 
of chloride of lime may be so carried out as to cause but little tender- 
ing of the fiber by breaking down of the connecting tissue cementing 
together the cell elements. 


4. Bleaching Linen Yam. 

The bleaching of linen yarn is essentially very similar to that of 
cotton, the general treatments being kier-boiling in soda, chemicking 
with hypochlorite (of either soda or lime), souring’ with sulfuric acid 
and thorough washing. Linen yarn is seldom bleached to a full white, 
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but is simply ^'creamed” or about half bleached. Hummel I gives the 
following method: 

(1) Boil 3 to 4 hours with lo percent soda ash; wash and squeeze. 

(2) Reel for i hour through bleaching powder solution of Tw. ; wash, 

(3) Steep I hour in sulfuric acid at i° Tw. ; wash. 

(4) Boil I hour in 2 to 5 percent soda ash; wash. 

(5) Repeat number 2. 

(6) Sour again as in number 3; wash well.* 

This process should yield a half-wliile yarn. If a three-quarters 
bleach is required, operations 4, 5, and 6 are repeated, only that after 
the second boil the goods arc spread out on the grass for about a week, 
and instead of reeling the yarn through the bleach liquor it is simply 
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steeped therein for 10 to 12 hours; which operation is usually called 
the “dip,” Should a full bleach be required the operations are re- 
peated several times, and the duration of grassing lengthened. The 
boiling-out in soda is best done in a low ])rcssurc kier, and the souring 
and washing and chemicking are done in machines or tanks similar to 
those employed for cotton.^ It is better to use sodium hypochlorite 

* In linen bleachinjf i pound of yarn will require about 25 gallons of water for washing 
alter each opyation of boiling, chemicking and souring 

“It is interesting lo examine the appearance of the yarn after each operation; the shade 
acquired after the first lye-boil in particular, affords a good idea of the difficulty which 
will be encountered in bleaching the yarn. For example, a yarn that has turned deep blackish 
gray (dew-retted flax) in color will generally bleach better than one that shows a reddish 
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for chcmicking than chloride of lime, as the lime compounds are apt to 
harden the fiber. It is also said that magnesium bleach liquors are 
very good in this respect. The use of hydrochloric acid instead of 
sulfuric is also to be recommended for the same reason. For chemick- 
ing the goods it is best to employ what is known as a reeling machine. 
This consists of a shallow trough of cement, wood, or masonry over 
which is placed a scries of small wooden rollers on which the hanks of 
linen yarn are hung, and from which they hang into the solution of 
chloride of lime. These reels receive an alternating backward and 
forward motion so that the hanks are circulated through the solution 
and also exposed to the air. The exposure to the air results in the 
action of the carbonic acid on the chloride of lime so that hypochlorous 
acid is liberated in the fiber and the bleaching so proceeds.® 

The souring and washing may also be carried out on the reeling 
machine. 

In America the grassing operation is never resorted to in the bleach- 
ing of linen yarns, the hypochlorite bleaching alone being relied upon. 
Attempts have also been made to use the permanganate bleach in con- 
nection with the hypochlorite process, but this so injures the strength 
of the fiber that it is not practical. 

Linen yarns will lose from lo to 20 percent in weight, depending 
on the extent of the bleaching; and the principal decrease in weight 
occurs when boiling in alkali. 

Tailfer recommends the following strength of chloride of lime so- 
lutions for different sizes of linen yarns: 

No. 10 to No. 20 . . . 

20 to 35 . . 

.15 to 45 . . 

45 and npwar<ls 

According to Cianswindt, linen may be bleached in a day by the 
use of solutions of potassium permanganate and sodium bisulfite, 
operating as when bleaching cotton. 

A method for the bleaching of linen yarn much in use at the pres- 
ent time is the following: The varn is first soaked over night in a 
weak solution of caustic soda and soap, which softens up the fiber 
and has considerable intlucnce on the resulting operations. The ma- 
terial is then placed in a kier and boiled from five to six hours at a 
pres.sure of two atmospheres in a solution containing 4.5 lbs. of soda 
ash and i gallon of caustic soda (76° Tw.) for each 100 lbs. of yarn. 

c.Tst; not that the former bleaches more rapidly, hut that it ^ives a better white finally 
with the same number of optrations. After the first chemicking, the color of the yarn 
will usually be lighter, and pale yellow; after again boiling in lyc, the shade again changes 
to brown; the treatment with alkalies modifying the pectic substances oxidized by the 
clilonnc, and converting tluni into colored soluble meta pectates. 

® In the chemicking of linen and hemp yarns the opeiation is usually carried out in 
cement tanks about 20 inches deep, in whiih the banks are suspended vertically. This is 
frequently done in such a manner that the skeins do not dip entirely into the liquor 
and are caused to rotate on a movable reel so that they arc alternately exposed to the ble.ach 
liquor and to the air This operation is known as “reeling” the yarn in the bath. The 
exposure of the material saturated with the chemic solution to the air brings into action 
the atmospheric carbon clioxide which very materially facilitates the bleaching. The reeling 
process of bleaching is apiilicable to rather coarse yarns, hut is not suitable for finer yarns 
as the exposure lo the air is liable to cause weakening of the fiber, and the reeling motion 
has a tendency to roughen the threads or tangle the skein. 


.3 chloronictric strength 
2° “ “ 

A.f 
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After boiling the required length of time, the liquor is run off, and then 
cold water is run in until the washings are clear. The yarn is now 
given a second boil which consists of the same operation as the first 
boil, only the solution contains 2 percent of soda ash and 2 percent 
of caustic soda, and the boiling is continued five hours. A thorough 
washing is next given the goods, after which they arc boiled a third 
time for five to six hours under similar conditions to the second boil. 
After draining and washing, the yarn is next placed in a solution of 
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bleaching powder of 3° Tw. strength. Tlie solution should be freshly 
prepared and should not contain any undissolved particles of lime. 
The yarn is steeped in this chcmicking solution for 2 hours, then 
rinsed, and soured in a bath of sulfuric acid at Tw. for ^2 hour. 
After this, it is well washed and then boiled in a weak soap bath, and 
v/ashed again. The yarn is then given two further treatments with 
the bleaching powder solution, each for one hour. It is finally washed, 
soured, and again washed, and then tinted with Ultramarine. 

In the bleaching of linen yarn it is said that the strength of the 
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fiber is better preserved if an electrolytic bleach liquor or one of 
sodium hypochlorite is employed. If an electro-bleach liquor is not 
available it is recommended to use for the bleaching bath a liquor 
prepared as follows: 6o lbs. of bleaching powder are mixed with 
water, and then made up to 25 gallons ; a solution is next made of 35 
lbs. of soda ash in 13 gallons of boiling water, then 6 gallons of cold 
water are added, and the solution is mixed with that of the bleaching 
powder, and allowed to stand overnight. The clear liquor is drawn 
off, and the residue is washed four limes with cold water, and the whole 
liquor is made up to 125 gallons with cold water, or so that it will 
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stand 6° Tw. As the liquor still contains some lime, from i to 2 lbs. 
of soda ash are added to precipitate the rest of the lime as calcium 
carbonate. The solution will now be alkaline and may be neutralized 
by adding a small quantity (T sulfuric acid (about j/j pint of the acid 
to 100 gallons of liquor). 

Some bleachers consider that hot alkaline li(|uors have a tendency 
to seriously tender the linen fiber, and they consequently substitute 
for the alkaline bath one of dilute sulfuric or hydrochloric acids, this 
being followed up by bleaching with sodium hypochlorite. The proc- 
ess is used especially for yarn, the hanks being strung on sticks and 
steeped for 5 to 10 minutes in a bath of sulfuric acid at 54° l^e., then 
rinsed, drained and bleached with sodium hypochlorite at 2^ Be., until 
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a cream-white color is obtained. The yarn is then rinsed and drained 
and steeped in a bath of sulfuric acid at Be., and then aired and 
dried. If hydrochloric acid is substituted the same dc.e^rees of concen- 
tration should be used. Two baths of sulfuric acid should give a 
cream-white; a bath of hydrochloric followed by one of sulfuric acid 
gives a half-white; and two baths of hydrochloric acid give a yellow- 
cream. These tints may be fixed by passing the linen through a bath 
of soda ash. It is said that these processes yield a thread remarkable 
for brilliancy and suppleness without weakening. The final washing 
must be very thorough in order to remove all traces of acid from 
the fiber. 

Ledebur gives the following table showing the loss in weight on 
bleaching different counts of linen yarn : 


Degree of Bleach 

6 

10 

Yarn Number 

20 30 

40 

60 


25.% 

23.% 

21 5% 

20.% 

19.7% 

i8.% 


27. 

25 - 

23. 

21.S 

20.5 

19.5 


29. 

26.5 

24.5 

23. 

22. 

21. 

Full 

31. 

28. 

26, 

24. 

23. 

22. 


Lowenthal, however, considers the^e figures somewhat high, and 
gives the loss for y2, ^ and full bleach as 15, 18, and 20 percent re- 
spectively. 


5. Bleaching Linen Cloth. 

This is carried out in the same general manner as when bleaching 
cotton cloth, only linen is also usually exposed to the grassing opera- 
tion, and also a previous steeping operation before hoiling-out is often 
used. IlummcII gives the following process for bleaching linen by 
the Irish method, on a basis of 1,500 kilos, of material : 

(1) Boil for 14 hours with T25 kilos, lime; wash 40 minutes in the stocks. 

(2) Sour with hydrochloric acid of 2^2” Tw., steeping 2 to 6 hours; 

wash 40 minutes in the stocks, 

(3) Give first lye boil for 8 to 10 hours with 30 kilos, caustic soda and 
30 kiios. rosin previously dissolved and boiled together in water. Run off 
liquor and add second lye boil of 15 kilos, caustic soda; boil 6 to 7 hours; 
wash 40 minutes in the stocks. 

(4) Expose for 2 to 7 days on the grass according to the weather. 

(5) Chcmic with chloride of lime at Tw., steeping 4 to 6 hours; 

wash 40 minutes in the stocks, 

(6) Sour with sulfuric acid at i® Tw., steeping 2 to 3 hours; wash 40 
minutes in the stocks. 

(7) Scald with 8 to 13 kilos, caustic soda, boiling for 4 to 5 hours; 
wash 49 minutes in the stocks. 

(8) Expose on grass for 2 to 4 days. 

(9) Chcmic in chloride of lime at Tw., steeping for 3 to 5 hours; 

wash 40 -minutes in the stocks. 

The goods are now sorted and those which are sufficiently bleached 
are taken out; the others are treated further: 

(10) Wash on rubbing boards with a strong solution of soft soap. 

(11) Expose on grass for 2 to 4 days. 
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fiber is better preserved if an electrolytic bleach liquor or one of 
sodium hypochlorite is employed. If an electro-bleach liquor is not 
available it is recommended to use for the bleaching bath a liquor 
prepared as follows: 6o lbs. of bleaching powder are mixed with 
water, and then made up to 25 gallons ; a solution is next made of 35 
lbs. of soda ash in 13 gallons of boiling water, then 6 gallons of cold 
water are added, and the solution is mixed with that of the bleaching 
powder, and allowed to stand overnight. The clear liquor is drawn 
off, and the residue is washed four limes with cold water, and the whole 
liquor is made up to 125 gallons with cold water, or so that it will 
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stand 6° Tw. As the liquor still contains some lime, from i to 2 lbs. 
of soda ash are added to precipitate the rest of the lime as calcium 
carbonate. The solution will now be alkaline and may be neutralized 
by adding a small quantity (T sulfuric acid (about j/j pint of the acid 
to 100 gallons of liquor). 

Some bleachers consider that hot alkaline li(|uors have a tendency 
to seriously tender the linen fiber, and they consequently substitute 
for the alkaline bath one of dilute sulfuric or hydrochloric acids, this 
being followed up by bleaching with sodium hypochlorite. The proc- 
ess is used especially for yarn, the hanks being strung on sticks and 
steeped for 5 to 10 minutes in a bath of sulfuric acid at 54° l^e., then 
rinsed, drained and bleached with sodium hypochlorite at 2^ Be., until 
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in the same manner as with cotton, and then placed in kiers and boiled for 
eight hours under high pressure, or for fourteen hours under low pressure. 

(3) Souring. This is for the purpose of dissolving out the lime com- 
pounds, and is done by passing the cloth through a dilute solution of hydro- 
chloric acid. 

(4) Second zmshing. Tin’s is done with soda and rosin for the purpose 
of removing the fatty acids liberated in the preceding reaction; 35 parts of 
caustic soda and 20 parts of rosin are used. The pieces are boiled for about 
8 hours, then washed in hot water and iinally in cold, 

(5) Grassing. The grass on which the pieces are spread should be 
high and sufficiently strong to prevent the cloth from coming in contact with 
the soil, which would lead to a rapid destruction of the material. If the grass 
does not fulfill these conditions, it will be necessary to stretch horizontal 
ropes to support the pieces. Dew and snow are favorable to the process, 
which ordinarily requires from 7 to 5 days. 

(6) Cliemickmg. This is done by allowing the pieces to steep for 6 
hours in a solution of chloride of lime at Tw. 

(7) Second souring. This is effected in a bath of hydrochloric acid at 
1^2° Tw, in which the material is steeped for three hours, after which it is 
washed thoroughly. 

(8) Third scouring. This is done with 8 to 13 parts of caustic soda, 
and r'equires about 6 hours. 

(9) Second grassing. This is carried out in the same manner as the first, 
but lasts only from 2 to 4 days. 

(10) Second chcmicking This ’s to terminate the bleaching, and is done 

with a chloride of lime bath at 1° Tw. This treatment is followed by a 
thorough washing. , 

(11) Final acid treatment This is to destroy the last trace of hypo- 
chlorites, which would otherwise be left in the pieces in spile of the most 
thorough washing. A final rinsing with a large amount of water finishes the 
treatment. The loss in weight in linen bleaching bv these operations amounts 
to about 36 percent, and good linen bleaching requires from 4 to 6 weeks’ time 
to complete. 

Ganswitidl gives the following [iroccss for linen bleaching as prac- 
ticed in Silesia. The picce.s arc trodden down evenly in a large wooden 
(uh with juire water heated to 95“ F. After the tub is filled it is cov- 
ered over and left that a fermentation may set in, which lasts about 
36 hours. After this the goods are taken out, rinsed, and grassed for 
2 to 3 days. 1'his steeping process causes the linen to lose about 10 to 
15 percent in weight. A first lye boil is now given in low pressure 
kiers with a T percent of soda ash. after which they arc grassed again 
for 2 to 3 days. A second lye boil is then given, followed by another 
grassing, and these hvo operations are repeated for about 8 times, 
each time decreasing the strength of the lye boils. The goods are now 
rinsed and soured for 5 to 8 hours in sulfuric acid at Tw., and 
then well washed. Next they are cbemickcd with chloride of lime ff)r 
d) to 8 hours at Tw. A second sour is then given similar to the 
first; after which the pieces arc well washed and treated with a soap 
solution at 90° F., then they are grassed for 2 to 3 days. The goods 
are then passed through the rubbing boards, and then treated with a 
warm soda solution (i part soda to 400 parts water). They are 
grassed again for i day, washed and chemicked the second time 
with chloride of lime like the first. Wash and sour as before; then 
soap again, and grass for 2 to 3 days. 
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Herzfeld gives the following Irish process without grassing: ^ 

(1) Steep for 36 hours in a solution of soda ash at 1“ Tw. ; wash. 

(2) Boil for 6 to 10 hours 3 parts caustic soda per 400 parts water; or 

use a solution of rosin soap containing 3 parts rosin and 3 parts caustic 
soda per 200 parts water. , 

(3) Chemic for 10 to 15 hours with chloride of lime at Tw. ; wash. 

(4) Sour for 3 to 6 hours in sulfuric or hydrochloric acid at Tw. ; 

wash. , 

(5) Give second lye boil with part caustic soda per 100 parts water 
for 4 to 5 hours; wash. 

(6) Chemic again in chloride of lime at Tw., steeping for 10 to 
14 hours. 

(7) Sour as in 4. 



'Ilie good.s are now sorted and those not sufficiently bleached are 
further treated as follows: 

(8) Pass through the rubbing boards with a strong solution of soft soap. 

(9) Chemic with chloride of lime at Tw. 

(10) Sour as before; wash; tint; and finish. 

An authority on the Irish linen trade thus describes the modern 
method of bleaching linen in Ireland: About 140 pieces of yard wide 
brown linen, each one marked with a red thread, are stitched together 

^ A modern Irish process of bleaching linen yarn is given as follows: 

(1) Boil-out with 10 percent soda ash fcithcr a low-pressure or high-pressure kler may be 
used) ; wash and squeeze. 

(2) Chemic for i hour with chloride of lime liquor at i“ Tw.; wash well. 

(3) Sour with Yt percent solution of sulfuric or hydrochloric acid; wash well. 

(4) Chemic a second time; wash. 

(5) Sour a second time; wash and dry. This will furnish a good half-bleach. A thice- 
quartcr bleach is obtained by boiling a second time with soda ash; then grass bleach for 1 
week; chemic again with weaker solutions of chloride of lime, wash, and sour. By repeating 
these operations several times a full bleach is produced. 
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end to end in one piece amounting to about 10,000 yards ; this is called 
a ‘‘pot/’ It is first passed through a solution of lime into the boiling 
pot and there boiled for 8 to 10 hours. It is then drawn through a tank 
of water. The pieces are then washed and each one bundled separately. 



The cloth is washed in the wash mill with pure water for i hour, and 
then steeped in a sour of dilute hydrochloric acid to convert the residue 
of lime into soluble salts, then washed again in the mills, then boiled in 
soda lye. The cloth is next washed again and grassed, rubbed in soap 
and water, boiled in lye, washed again, grassed and the operations re- 
peated until the desired degree of bleach is obtained. As soon as the 
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cloth has been sufficiently boiled, the whitening process is begun by 
the use of bleaching powder or '‘dip” in which the cloth is left over- 
night. It is then washed, heated with dilute sulfuric acid, boiled 
again with soda lye, and tlic procc'sscs repeated as desired in order to 
obtain the required results. 

In the bleaching of linen it would seem that the old form of grass 
bleaching is still adhered to to some extent, though in practically all 
linen bleaching at the present time solutions of chloride of lime and 
sours of sulfuric acid are employed as necessary adjuncts to the grass- 
ing of the cloth or >arn. The old-fashioned bleacher claims that proper 
linen bleaching cannot be obtained by the more modern methods of 
chemical treatment in which the grassing process is eliminated en- 
tirely; it is supposed that the fiber is rotted and its quality is spoiled 



Fig. 278. — Reel Machine for Scouring and Chcniicking Linen Yarns. 

by the use of chemical compounds. We believe, however, that a good 
deal of this is traditional buncombe, and if the matter were ])roperly 
studied so as to obtain the necessary data to descrilie the required con- 
ditions to be met in the bleaching of linen it would be perfectly pos- 
sible to evolve a process which would take the place of the old- 
fashioned grass bleach and yet yield a product the equal in every way 
to this method. From the very fact that even the old-fashioned linen 
bleacher at the present time employs Inpochlorites and sours in his 
process is a confession on his part that the grassing of the cloth is not 
capable of producing the best results. To obtain a high degree of 
white by the grassing process alone would necessitate the exposure of 
the material to the atmospheric agencies for so long a period of time 
that the chances are the cloth would be ruined in more ways than one. 
Stains, dirt, tears due to wind, rotting of the fiber and a hundred 
other different troubles would arise. Immense tracts of land would 
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have to be set aside for bleaching greens, the grass would have to be 
cultivated particularly, there would have to be isolation from railroads, 
other manufacturing enterprises, and the like in order to avoid inter- 
ference in the bleaching by soot, dirt and obnoxious vapors and fumes. 
The hand labor required would be tremendous, and at the present time 
this means either an absurdly high cost or a very low scale of labor 
conditions. The results to be obtained in linen bleaching are to pro- 
duce a while of satisfactory clearness and tone, while maintaining the 
strength of the fiber and its other qualities of luster and feel. Fur- 
thermore these qualities must be permanent, that is to say, the bleached 
white must not in time turn yellow, or the strength must not deteriorate 
on storing due to the effects or residues of chemicals. There is no 
doubt but that a purely chemical treatment capable of rational control 
can be devised to furnish these results and at the same time take the 
place of the irrational and cumbersome and time-consuming methods 
of grass bleaching. 

The following methods for the bleaching of various qualities of 
linen have been selected from Tailfer: 


(a) Light Handspun Cambrics. 

(1) Steep in hot water 12 to 24 hours; liand-wash, and squeeze. 

(2) First lye boil, 8 to 10 hours with salt of soda 2 "" to 3“ Tw., with 
rosin soap, without pressure ; wash in kiei and squeeze. 

(3) Sour with hydrochloiic acid 5 liters per ichio of water; temperature 
80° F. ; hand-wash, and siiueeze. 

(4) Second lye boil, same as first; wash in kier, and squeeze. 

(5) Grass for 24 hours. 

(6) \ ash in stocks with olein soap, and third l>e boil same as second; 
wash in kic*, squeeze. 

(7) Grass for 24 hours. 

(8) Wash with soap and give 4th lye bod like third. 

(9) Grass for 24 hours. 

(10) Sort pieces, first lot to be chemicked ; second lot to be washed with 
soap in stocks, given fifth lye boil with salt of soda, and grassed. 

(11) First chemic of o.i5‘' chlorometric strength; temperature 75° h.; 
steep 5 hours ; hand-wash, and squeeze. 

(12) Sour with siilfuiic acid 3 parts per lono of water; temperature 80° F.; 
hand-wash, and squeeze. 

(13) Foil with olein soap, follow with lye bod (salt of soda 2° Tw.) ; wash 
in kier, and squeeze. 

(14) Grass for 24 hours. 

(15) Second chemic of 0.1° to 02° chlorometric strength, temperature 75'' 
F. ; steep 5 hours; hand-wash; squeeze. 

(16) Sour with sulfuric acid same as before. 

(17) Lye boil with salt of soda 2^" Tw., with olein soap. 

( 18) Hand scour with white or olein soap. 

(19) Sort: first lot, wa.sh in hot water, and grass; second lot, lye boil 
with salt of soda 2*^ Tw. ; wash in kier, and grass. 

(20) Sour with hydrochloric acid 4 parts per 1000 of water; temperature 
80° F. ; hand-wash; squeeze. 

(21) Boil with olein soap, and hand rub. 

(22) Sort. 

(23) Third chemic of 0.08° to o.t° chlorometric strength; temperature 75“ 
F. ; steep 3 to 4 hours; hand-wash; squeeze. 

(24) Sour with sulfuric acid as after first chcmic; wash carefully. 



BLEACHING 


508 

In the chemicking it is recommended to use sodium hypochlorite in 
place of chloride of lime, and it is important that the goods be squeezed 
before steeping, otherwise the action of the chemic will be inappre- 
ciable. 

(b) Light Machine Spun Cambrics. 

(1) Steep in hot water; hand-wash; squeeze. 

(2) Boil with 6 lbs. lime per 100 lbs. goods for 6 hours; wash; squeeze. 

(3) Sour with hydrochloric acid 5 parts per 1000 of water; wash; squeeze. 

(4) Boil with salt of soda 3“ Tw., with rosin soap; wash in kier; squeeze. 

(5) Grass for 24 hours. 

(6) Wash with soap on rubbing boards, and third lye boil with salt of 
soda 3^ Tw. ; wash in kier; squeeze. 

(7) Grass for 24 hours. 

(8) Boil with salt of soda 3° Tw., with rosin soap ; wash in kier ; squeeze. 

(9) Grass for 24 hours. 

(10) Sort: first lot, chemic; second lot, boil with salt of soda 3° Tw. 

(11) Chemic at 0.15® chloromctric strength; steep 6 hours; wash; squeeze. 

(12) Sjur with sulfuric acid 3 parts per looo of water; wash; squeeze. 

(13) Boil with olein soap, and lye boil with salt of soda of 2° Tw.; wash 

in kier; squeeze. 

(14) Grass for 24 hours. • 

(15) Second chemic of 0.1® chlorometric strength; steep 6 hours; wash. 

(16) Sour as before. 

(17) Boil with olein soap; lye boil with salt of soda at 2° Tw. ; wash 

in kier. 

(18) Grass fos 24 hours. 

(19) Sour with hydrochloric acid 5 parts per 1000 of water; wash; squeeze. 

(20) Boil with olein soap, and lye boil with salt of soda at 2*" d’w. ; wash 

in kier; squeeze. 

(21) Sort: first lot, grass; second lot, boil with soda of 2° Tw., and grass. 

(22) Sour with hydrochloric acid 5 parts per 1000 of water; wash; dry. 

(23) Sort. ^ 

(24) Third chemic 0.08° to 0.1® chlorometric strength; steep 4 hours; wash; 
squeeze. 

(25) Sour with sulfuric acid as before; wash, and finish. 

(c) Boiled Yarn, Cambric Handkerchiefs and Household Linens. 

(1) Boil 10 hours with 10 percent of lime on weight of goods; wash in 
stocks. 

(2) Sour with hydrochloric acid 3” Tw. ; wash in stocks. 

(3) Boil 10 hours with salt of soda 5® Tw. ; wash in kier; lye boil a second 
time, and wash in stocks. 

(4) Grass for 2 to 3 days. 

(5) Boil 10 hours in salt of soda 4° Tw., with rosin soap; wash in stocks. 

(6) Grass for 2 to 3 days. 

(7) Boil with salt of soda as in 5. 

( 8 ) Grass for 2 to 3 days. 

(9) Chemic at 0.65° chloromctric strength; steep 3 hours; wash in stocks. 

(10) Sour with sulfuric acid of 2 " Tw.; wash in stocks. 

(11) Scour with soap on rubbing boards; boil 6 hours with salt of soda 
2° Tw.; wash. 

(12) Grass for 2 days. 

(13) Chemic and sour as in 9 and 10. 

(14) Same as ii. 

(15) Third chemic and sour same as before. 

(16) Double wash in wheel and finish. 
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6. Bleaching with Sodium Hypochlorite. 

The use of solutions of sodium hypochlorite in place of those of 
chloride of lime for the bleaching of linen goods is fast growing in the 
favor of the bleacher. This is especially true since the introduction 
of liquefied chlorine has provided the bleacher with an efficient and 
convenient method of preparing this reagent. As in the case of cot- 
ton it has been found in the bleaching of linen that the efficiency of 
sodium hypochlorite solutions is higher than that of solutions of 



Fir.. 279.-^^'irn Treating Machine for Softening Linen Yarns. 


chloride of lime of the same content of “available” chlorine. In the 
bleaching of linen with sodium hypochlorite it is advisable not to 
have the liquor too alkaline ; consequently in preparing it from liquefied 
chlorine it is better to absorb the gas in a solution of caustic soda 
rather than in one of soda ash, as in the former case a more neutral 
solution can be prepared, while the latter requires a considerable ex- 
cess of alkali. The use of sodium hypochlorite in linen bleaching 
makes it easier to remove all residues of the bleaching agent from the 
fiber than is the case when chloride of lime is used. It is also said 
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to give a softer and nicer bleach with a better preservation of the luster 
of the fiber. 

Solutions of sodium hypochlorite for linen bleaching can also be 
prepared electrolytically and by the interaction of soda ash on a solu- 
tion of bleaching powder. The preparation and use of such solutions 
has already been fully discussed under the subject of cotton bleaching 
and consequently will not be repeated here. 

7. Grass Bleaching. 

The exposure of cloth to the action of air and sunlight on the 
grass was the oldest method of bleaching and was largely practised in 
the case of linen, and in fact, even to-day linen in some countries is 



Fig. 280. — Tommy Dodd Mangle for Linen and Cotton Goods 
(Text. Fin. Mchy. Co.). 


bleached by a modification of this process. To obtain a good bleaching 
by grassing, however, required an exposure lasting for a month and 
interrupted by frequent boiling of the goods in water or alkaline solu- 
tions. Such a process is no longer practicable in most places, as it 
requires too much time and attention and calls for the occupation of a 
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large acreage of meadow lands. Furthermore, it was not possible by 
simple grass bleaching to obtain a pure snowwhitc, this requiring the 
aid of chemical bleaching agents. On this account pure white linen 
was looked upon with disfavor, and even at the present time, most linen 
goods are only given a half or three-quarters bleach with hypochlo- 
rites, so as to simulate the traditional grass bleach of former days. 

The bleaching of linen by grassing is conditioned by four elements, 
namely : light, air, moisture, and the nature of the grass. Light, espe- 
cially direct sunlight, appears to be the most effective bleaching agent, 
as fabrics are noticed to bleach much more rapidly in bright sunny 
weather than during dull cloudy days, and also better by day than by 
night. J f fabrics contain colored yarns, it is better not to expose them 
to direct sunlight on the grass, but only to grass the goods during the 
morning and evening, as most colors will fade otherwise. Dry 
weather is not very favorable to grassing; a slightly moist atmosphere 
so that dew is deposited in the morning is the most suitable. Ireland 
is especially suited for the grassing of linen, and on this account its 
bleached fabrics are renowned the world over. When linen is hung 
on lines so that it is removed from the grass it does not bleach as well 
as when placed directly on the grass itself ; it is not known exactly 
how the grass assists in the bleaching, but it is probably due to the 
moisture and oxygen or ozone exhaled by the plants.” In some cases 
the goods after being stretched out on the grass are ‘systematically 
sprinkled with water, but this is rather a costly proceeding, and can 
only be used for special goods. 

Though cotton can l)e thoroughly bleached without exposure to 
the grass, i’(! method has yet been devised for entirely dispensing with 
it in the cast of linen goods of the highest (juality. 

In the grassing process of bleaching linen it is very important that 
the cloth be well spread on the green and that the selvedges be kept 
out without curling up. For this purpose pins are put in at each end 
of the piece and also four rows of cross pins. If the w^eather be- 
comes very hot the cloth should be lifted before the dew^ rises from 
it, and in wu’ndy weather the pins must be taken out or the cloth may 
be torn. In winter time the grassed cloth is often frozen stiff, and it 
must not be lifted when in this condition, as if dou])led or folded it 

* Bozeman coiisirUrs that unbk-achcd cloth h.as a vHlowiXh color bee anso it reflects the 
chemically inactive yellow rays of light; therefore, he- suggests that by bluing the cloth 
this influence could be ncutr.ilired and that in glass blc.iclung the tinted cloth would be- 
come more subject to the chemically active hlue ia>s of light The blue tint was obtained 
by using a solution prepared by rinsing a pounds of milk of lime with i nonnd of finely 
jmlveiizcd Indigo, and then adding 4 pounds of fc irons sulfate- The cloth is first boiled for 4 
Iiours in a solution of silicate of soda of 1“ Ik- After this it is well nasln-d and tintc'd 
slightly with the bluing solution. It is claimed that by this process the period of grassing is 
reduced to about uuo-half that ordinarily employed 

It is stated that this process renders the action of the -iunhght more effective bv absorbing 
the red lays and increasing thus the propoitinn of violet rays The actual amount of the latter, 
however, IS in 110 wise increased by such a condition, and it is doubtful if the Indigo has 
any other effect than that of siinplv giving a slight bluish tint to the fiber, and thus in- 
creasing the apparent brilliancy of the white color by ncntraliying the yellowish tint. Ac- 
cording to later observations. Indigo is really a poor sensitizer for grass bleaching, and it is 
now claimed that chloroph\ll fthe natuial green coloring matter piescnt in plant leaves) is 
much moie effective in accelerating the blracliing action Other ingenious methods have also 
been proposed in the rather long array of patent literature on this subject. Saturating the 
fiber with turpentine and other oil jircparatioiis pievioiis to exposure to the bleaching green 
has been proiiosed. None of these assisting iiroicsse s, however, seem to have had any 
practical value. - 1 - 
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will crack and cut. The greatest care must be taken at every stage 
to prevent the cloth from getting dirty or damaged. 

Without doubt the active agent in grass bleaching is ozone and 
hydrogen peroxide. Just what agencies cause the formation of at- 
mospheric ozone is not altogether understood. It is supposed that in 
the evaporation of moisture in the presence of light there is a small 
amount of ozone formed, though it is more probable, perhaps, that 
hydrogen peroxide is formed. Dry air has little or no bleaching ac- 
tion, but the evaporation of the moisture from grass and the soil as 
well as from the moistened cloth itself provides the conditions for the 
formation of hydrogen peroxide in the presence of sunlight, it being 



Fig. 281. — Sprinkler for Linen and Cotton Goods (Text. Fin. Mchy. Co.). 


supposed that the blue and violet rays of the latter exert a catalyzing 
effect in the reaction. 

Grass bleaching, of course, is dependent to a great extent on the 
condition of the weather. The bleaching effect is most active in the 
morning sun when dew is present on the grass and the cloth. The 
bleaching power of the sunlight also varies considerably with the 
period of the year, being most active, of course, in the summer time. 
In fact, in winter it may require an exposure of many weeks to obtain 
a degree of bleaching that in summer can be obtained in as many days. 
The temperature also has a considerable influence on the rapidity of 
grass bleaching, the low temperature in winter lessening considerably 
the activity of the hydrogen peroxide present. 

The cause of the special bleaching activity of meadows in certain 
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localities has been attributed by Gardena ® to a higher radio-activity 
of the soil. It is supposed that the presence of traces of radium or 
other radio-active substances favors the foniiation of hydrogen perox- 
ide and ozone. To test this, however, bleaching experiments have 
been conducted in the presence of strongly radio-active salts and no 
appreciable effect has been observed. The more probable reason that 
some bleaching greens give better results than others is to be found in 
the better quality of the water and air and the more intelligent methods 
of handling the goods. Differences in the humidity of the air, quan- 
tity of dew formation, proportion of sunshine, amount of atmospheric 
precipitation in rain, fog and snow, also have much influence on the 
efficiency of a bleaching green. Also of considerable influence is the 
alkalinity of the fiber. As alkalinity has been found to accelerate the 
bleaching, Tailfer has recommended that the cloth be treated with a 
solution of caustic soda and soap previous to exposure on the bleaching 
green. 

Though it is generally supposed that grass bleaching has little or 
no^ deleterious action on the fiber itself, this is not altogether true. 
Leimdorfer^® carried out experiments on linen with 28 days exposure 
and found : 

loss in weight — 6.1 percent 

loss in elasticity . . . . “5.2 “ 

loss in strength ... ... . . . , 35.2 “ 

It is also recognized among bleachers that prolonged exposure on the 
grass in a hot summer sun is very liable to cause serious damage to 
the good^'. 

8. Ozone Bleaching. 

Since it has been supposed that ozone plays a considerable part in 
the action of grass bleaching, attempts have been made to shorten the 
time required and to control the process by using air charged with 
definite small amounts of ozone prepared by electric discharges.^^ 
Several forms of very efficient ozonizing apparatus have been con- 
structed by the leading manufacturers of electrical machinery both 
here and abroad, and very exhaustive experiments have been made 
with the use of ozonized air in bleaching. It is found that the best 
results arc obtained by impregnating the goods with dilute ammonia 
water and then exposing to the action of the ozonized air in suitable 
chambers. Only a very small proportion of ozone may be used, as other- 

* Leips, I'arber-Zeit , igo6, p. 427. 

Chem, Zeit., 1912, p, 526. 

” It is said that the combined ozone-hyporhloritc bleaching process for linen has been 
developed successfully in a Sjlesian bleach works. In regjid to the bleaching of linen by 
means of ozone, the Greiflenberg Bleathery in Sile.sia rcpoit the following commercial 
process: The goods are run through a bath of dilute hydroibloric acul and then exposed 
in the moist state in chambers to the action of ozonized air for about seven hours. For a 
three-quarter bleach only one such treatment is required, but for a full bleach from two to 
three treatments are necessary, and these are usually alternated with the operations of the 
ordinary bleaching process for piece goods. In order to obtain good results with ozone 
bleaching it is necessary to admit sunlight into the bleaching chamber, or if this is not practical 
the electric arc light may be used. It is said that one day’s treatment in the ozone chamber 
IS equivalent to three days’ exposure on the grass. As far as cost is concerned it is said 
that the ozone bleaching ife no cheaper than grass bleaching, but it is more convenient. 



SI4 


BLEACHING 


wise the fiber will be seriously damaged. It has been found that i day 
of ozone bleaching is about equivalent to 3 days of grass bleaching 
in summer or 14 days in winter, and also as the ozone treatme^ is 
independent of sunlight it may be carried out during the night. Not- 
withstanding the considerable effort made to introduce the ozone 
method of bleaching it does not seem to have met with any degree ot 
commercial success in competition with the other established methods 
of bleaching. 



2.S2 — Damiiing Macliinc for Linen ami Jnte Fabrics. 


n Snecial Methods of Bleaching Linen. 

In the Cross and Parkes process for bleaching linen an attempt 
is madl to get away somewhat from the old traditional methods of kicr 
hoS vSh lime The linen pieces are rim at full width at a tempera- 
ture o^f 120° F. through a solution containing i.}4 lbs. soap, 14 lbs. so- 
dium silicate, 1/2 lbs. caustic soda, lbs. clear mineral oil and 10 gal- 
lons of water. After thorough impregnation with this solution ^ey a 
run into a chamber containing steam at atmospheric pressure an 
A „r> nn T roller The goods arc then steamed with dry steam at 

inkhc diamber) with soda ash or silioate of soda ander press ■ 

..Crr. Pau. .7,07 and 78,839; also Schneller, Uip.. Monatsch. Te.til. Ind.. .8,4, P. ao4. 

Jour. Soc. Dyers & Col, i90*> P- 3^. 
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Fig. 283.— Five Roll Hydraulic Pressure Calender for Linen, Cotton, and Jute 
Goods (Text. Fin. Mchy. Co.). 


After the boil is finished the goods are well washed, and then are in a 
condition suitable for bleaching by chemicking or grassing.^* In a 

There have been a large number of nt w processes suggested or patented for the bleaching 
of linen. Schreiner {Ger. Pat. 52.20s) uses ozonized oil of turpentine; Brins Oxygen Co. 
(.Ger. Pat. 46,811) uses chlorine gas or chlorine solutions mixed with oxygen; Tessie du 
Motay suggested solutions of potassium permanganate; Jacobson ^uer. Fat. 21,081) uses 
barium peroxide with the addition of sodium silicate or borate; labary (Ger. Pat. 101,285) 
uses nitrous acid; Brcgcard (Ger. Pat. 20,177) suggests the addition of zinc sulfate to the 
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process described by Keukelaere the linen cloth is first scalded for 
hour in a solution containing 5 to 15 percent of sodium sulfide, and 
then rinsed in water containing ^ percent of sulfuric acid (on the 
weight of the goods). This operation of scalding is repeated several 
times and the bleaching is then proceeded with. Jardin recommends 
the use of nitric acid for the bleaching of linen to take the place of the 
grassing. The goods arc steeped for about 5 hours in a solution con- 
taining 5 gallons of nitric acid to 1000 gallons of water. 

In the production of linen pieces in the form or color of what is 
known as “Brown Hollands,'’ the goods arc usually not dyed in order 
to obtain this shade, but the unbleached linen is run through a warm 
solution of stannous chloride acidulated with sulfuric acid. An acid 
solution of titanous chloride may also be employed for the same 
purpose. 

9. Testing of Bleached Linen. 

Bleaching linen by chemical means always deteriorates the fiber 
more or less, and the very best and highest class of linen goods are 
only bleached to a partial degree by grassing for long periods of time. 
The action of chloride of lime causes the linen fiber to become chlo- 
rinated to a certain extent, and this fact is of service in the testing of 
linen goods to ascertain if they have been bleached with this agent or 
not. The test may be carried out in the following manner: Boil a 
sample of the suspected linen with moderately concentrated nitric 
acid, filter, and to the clear filtrate add a few drops of a solution of 
silver nitrate. The formation of a white precipitate will indicate the 
presence of chlorine, which will show that the material was bleached 
with the use of chloride of lime; if no white precipitate is formed 
there is reasonable certainty that chloride of lime has not been used. 
Of course, this would not eliminate other chemical methods of bleach- 
ing, such, for instance, as with potassium permanganate, but this 
method is seldom met with commercially. Also in linen bleached with 
chloride of lime, there will generally be a much higher percentage of 
lime present in the ash than with pure linen. 

In the bleaching of linen it frequently happens that yellow spots 
remain in the material, although the soap, soda, etc., which have been 
used in the process were perfectly pure. It is the opinion of Geisen- 
heimer that these spots are due to the use of hard water, which on 
boiling precipitates calcium carbonate on the goods, and this fixes the 
coloring matters contained in the lyes. He recommends the addition 
of sodium silicate to the hard water. This is effected by adding to the 
soda ash from 10 to 20 percent of soluble glass. Such a mixture 

hypochlorite bath; Cross and Parkes suggest steaming with a mixture of caustic soda, sodium 
silicate, and an oil-soap emulsion; Lagage introduces carbon dioxide gas into the chloride of 
lime bath; Martin has patented a whole series of bleaching processes describing the use in the 
Icier liquor of turpentine oil, carbon tetrachloride, benzine, and sodium nitrate. Schott 
{Ger. Pat. 88,945 and 124,677) uses sulfurous acid in a specially constructed bleaching 
apparatus. Keukulaere (Ger. Pat. 169,448) employs repeated boilings with 5 to 15 percent of 
sodium sulfide. 

Soc. Dyers & Col., 1905, p 275. 

^*Jour. Soc. Dyers & Col., 1904, p. 105. 

Comptes rend., 1894, No. 118. 
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Fig. 283.— Five Roll Hydraulic Pressure Calender for Linen, Cotton, and Jute 
Goods (Text. Fin. Mchy. Co.). 


After the boil is finished the goods are well washed, and then are in a 
condition suitable for bleaching by chemicking or grassing.^* In a 

There have been a large number of nt w processes suggested or patented for the bleaching 
of linen. Schreiner {Ger. Pat. 52.20s) uses ozonized oil of turpentine; Brins Oxygen Co. 
(.Ger. Pat. 46,811) uses chlorine gas or chlorine solutions mixed with oxygen; Tessie du 
Motay suggested solutions of potassium permanganate; Jacobson ^uer. Fat. 21,081) uses 
barium peroxide with the addition of sodium silicate or borate; labary (Ger. Pat. 101,285) 
uses nitrous acid; Brcgcard (Ger. Pat. 20,177) suggests the addition of zinc sulfate to the 
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These oils resist the bleaching operations and are very difficult to 
remove. 

In the bleaching of linen it has been noticed that after the fiber is 
chemickcd it is almost impossible even by prolonged and intensive 
rinsing to remove iiW traces of “active chlorine” so that the fiber will 
no longer give the potassium iodide-starch reaction. One explanation 
of this fact was that the linen liber perhaps retained the chlorine in the 
same manner that wool persistently retains sulfur dioxide. Another 
explanation was to the effect that cellulose peroxide was formed, and 
this body reacted with the potassium iodide-starch solution in the same 
manner as “active chlorine.” It has been rather surprising to find that 
bleached linen goods, even after several months, still give the chlorine 
reaction, although it is almost impossible to suppose that such an 
energetic and reactive agent as chlorine could be retained thus for 
such a length of time, and the subsequent rotting of the fiber and the 
development of free acid would be expected. Raschig,^” however, has 
shown that chlorine in dilute solutions combines with amino bodies to 
give products called chloramines (NH2-CI type). .Since the linen fiber 
c(.mtains quite an appreciable amount of albuminous bodies of an amino 
nature, it is probable that in the bleaching some of these chloramines 
are formed, and they react with j)otassium iodide-starch solution in 
the same manner as “active chlorine.” 'Fhis condition is particularly 
liable to occur in linen that has been only partially bleached. Cross 
and Bevan have shown that in normal commercial samples of creamed 
linen yarn there was found as much as o.i percent of “active chlorine,” 
combined no doubt as a chloramine. The amount of chlorine thus held 
will depend on the degree of purification of the fiber, and should be 
absent from completely bleached linen, as this should not contain any 
residues of albuminous matter. 

Chloramine is readily decomposed by the action of sulfurous acid 
(sodium bisulfite, antichlor) according to the following equation: 

2NHXI -f 2TI2SO3 -b 2 U ,0 = (NIIJXO, d- ILSO4 -h 2IICI 

Therefore, bleached goods that have been treated with sodium bisulfite 
solution as an antichlor are little likely to show any evidence of the 
presence of chloramine. Ammonia also acts as an antichlor in this 
same sense, as it leads to the decomposition of the chloramine. Hy- 
drogen peroxide, on the other hand, though it neutralizes any hypo- 
chlorite, will not decompose the chloramine; in fact, owing to this 
reaction, hydrogen peroxide treatment can be used to distinguish be- 
tween “active” chlorine present as hypochlorite and that present as 
chloramine. 

An interesting feature concerning chloramines is that in old stand- 
ing bleach baths for linen these bodies accumulate. The formation of 
the chloramine is in proportion to the amount of nitrogenous or al- 
buminous .matter present in the fiber. With the rather impure fiber 
first entering the bleach liquor some of the chloramine formed will 
dissolve into the bath, but as the latter accumulates chloramines there 

Ghent. Zeit., 1907, p. 920. 
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is a tendency for the pure bleached cellulose fiber to take up these 
bodies again after the manner of a mordant. In this way it will be 
seen that it is difficult to obtain a full bleached linen fiber entirely free 
from chloramines. 

The question would naturally arise as to whether the “active” 
chlorine in the chloramine bodies is sufficiently reactive to convert 
cellulose into oxycellulosc, and thus cause a tendering or rotting of 
the goods. This question is left undecided in the discussion of Cross 
and Bevan, though they point out the danger resulting from the pres- 
ence of free acid which nearly always accompanies the chloramine, 
since the decomposition of the chloramine results in the formation of 
free hydrochloric acid. This would, therefore, indicate that the pres- 
ence of chloramines in bleached goods would ultimately endanger the 
strength of the material. 

The chloramine reaction is a good test for the quality of the bleach 
and is valuable in the comparison of different bleached samples. 

10. Bleaching with Permanganates. 

The use of potassium permanganate has also been suggested for 
the bleaching of linen. It is said that the permanganate acts more 
quickly than chloride of lime on the coloring matter and some claim it 
has less action on the fiber. 

Schmidt gives the following method for using the permanganate 
bleach on linen: The linen yarn is first boiled-out with 5 percent of 
soda ash ; washed ; boiled-out again in the same manner ; then steeped 
in a bath containing i percent of potassium permanganate; rinsed; 
stripped with a dilute solution of sodium bisulfite (2“ Be.); rinsed; 
boiled-out a third time with 2^ percent of soda ash; rinsed; bleached 
again with permanganate as before; rinsed; stripped with sodium 
bisulfite; rinsed; boiled-out a fourth time with 2^ percent of soda 
ash ; rinsed, treated again with permanganate and sodium bisulfite, re- 
peating the operation in this manner until a desired degree of white- 
ness is obtained. The permanganate solution should not be more con- 
centrated than about i pound to 1000 gallons of water and should be 
slightly acidified. When bleached in this manner the linen yarn is 
said to lose about 20 percent in weight, and for the entire bleaching 100 
pounds of yarn will require about 9 pounds potassium permanganate, 
7)/2 pounds sulfuric acid and iiyi pounds sodium bisulfite (38° Be.). 

The treatment with the permanganate solutions is carried out in 
the cold, and sulfuric acid in the baths gives better results than hydro- 
chloric acid, besides being considerably cheaper. 

Sometimes the permanganate bleach on linen is used in connection 
with grass bleaching in order to hasten the process, or in case bad 
weather does not permit of suitable exposure to the bleaching green. 
Another method recommended for the bleaching of linen with potas- 
sium permanganate is the following: After being steeped as ordinarily 
the linen is steeped for 15 to 20 minutes in a solution of perman- 
ganate (4 to 6 percent on the weight of the goods), and mag- 

Monit. Scientif., 1902, p. 219. 
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nesium sulfate. This causes the material to become brown from the 
precipitated oxide of manganese. This is removed, and the goods 
whitened by passing through a solution of sodium bisulfite. These 



Fig. 286. — High Speed Spring Beetling Machine (Fnglish Type). 


operations are repeated until a satisfactory white is obtained. The 
process is said to be operated successfully in France, and by its means 
the linen is bleached in about 3 days, while under the old methods the 
time required is 3 to 4 weeks. 

^ ** AccordinR lo Martin, an advantaffcous method for the bleaching of linen or jute consists 
in boiling such fabrics with 8 percent of caustic soda containing i percent of turpentine, 
washing, and then working for two hours in a bath of chloride of lime at 2° and con- 
taining as an addition 2 percent of aluminium sulfate in solution. The fabrics are then 
washed, and boiled for two hours in a solution containing 3 percent of caustic soda and 
I percent of ben 7 ine; washed again, and treated for four to six hours in a bath of chloride 
of lime at 1/2° Be,, and containing o 2 percent of aluminium sulfate. The cloth is then slightly 
acidulated, and boiled for two hours in 2 percent of caustic soda and o 2 percent of benzine. 
A third treatment with chloride of lime at Be, is then given, with the addition of o.i 
percent of aluminium sulfate. The maten’al is finally soured and washed. Just what effect 
the addition of the small amount of aluminium sulfate to the bath of bleaching powder would 
have is not quite apparent; it would form a small quantity of aluminium hypochlorite with 
the consequent precipitation of a corresponding amount of calcium sulfate. Also, the 
purpose of the addition of benzine to the caustic soda bath is rather imaginary, to say the least. 
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II. Bleaching with Peroxides. 

Solutions of hydrogen peroxide (prepared either from hydrogen 
peroxide itself or from sodium peroxide) may be employed for the 
bleaching of linen in practically the same general method of pro- 
cedure as for cotton or other vegetable libers. Owing to the fact, 
however, that linen is much more highly colored and is far more re- 
sistant to the action of bleaching agents than cotton the methods for 
bleaching linen with peroxides must be extended to longer periods of 
treatment, as well as repeating the process a sufficient number of times 
in order to produce the desired degree of whiteness. This makes the 
use of peroxides for linen bleaching a rather expensive and tedious 
operation. The action of the peroxide in the bleaching of linen, how- 
ever, is very similar to that of the grassing of the material in the older 
forms of bleaching. The effect is mild and results in but little injury 



Fig. 287. — Button Breaking Machine for Smoothing Unions, Ilalf-silks, etc. 

to the fiber. In order to obtain a full white, and also as a means of 
hastening the process, a hypochlorite bleaching may be employed as a 
preliminary operation previous to the treatment with the peroxide 
bath ; or several such treatments may be alternated with rinsings in 
dilute acid baths (sours). 

Just previous to the outbreak of the war there appeared in thC' 
European market a concentrated form of hydrogen peroxide solution 
containing 15 jiercent of the peroxide which was especially recom- 
mended for the half-bleaching of linen, and the following method of 
operation was recommended by the manufacturers: To 100 gallons 
of pure soft water add gallon of hydrogen peroxide (15 percent), 
y2 gallon of ammonia water and 2 pounds of Monopol Soap. Steep 
the goods in this alkaline bath, starting cold, and after 6 hours heat 
to 110° F., and leave at this temperature overnight. Run out the goods 
and freshen the bath with Jf* gallon of hydrogen peroxide (15 percent) 
and gallon of ammonia water. Be certain that the bath still shows 
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an alkaline reaction. Re-enter the goods and continue the bleaching at 
no F. After about 20 hours the linen should be satisfactorily 
bleached; the goods are then removed and well rinsed, first in water 
slightly acidulated with acetic acid, and finally in pure water. 

12. Effect of Bleaching on Linen. 

Linen is quite different from cotton in regard to its alteration in 
vyeight and stiength during the bleaching operation. Jn the case of 
linen there is so much foreign matter present that during the boiling-out 
process there may be a decrease of 30 percent in weight, whereas 
cotton usually loses only about 5 percent. There is also naturally a 
decrease in strength of the linen, but if the process of bleaching is 
piopeily conducted this decrease in strength and weight is almost 
entirely due to the boiling-out, and is therefore unavoidable. Higgins, 
in a SCI ies of tests on the loss in strength and weight of linen fabrics 
during the bleaching process obtained the following results: 

Loss OF Wfk.iit of Linen During Ri.f.aching 


Weight in Loss 

Grains Percent 

Brown linen q2.i 

After steeping 88.7 3.8 

After lime-boiling 77.15 j52 

After soda-boiling 7093 22.9 

After chemicking 6(^.A 24!^ 

Fully bleached . O7 52 26.7 

_ 1 his shows that the decrease in weight takes place priiici])ally in the 
boiling Oj^orations, the bleaching process proper, or chemicking, not 
causing a .'>\s in weight to any great extent. 'These figures also show 
that the so called “half-bleaches” owe their weight entirely to the 
retention of much of the original impurities in the cloth. The follow- 


ing ash determinations show this fact: 

Ash 

Percent 

Brown linen 1.28 

After lime-boil .... . 0.18 

After soda-boil .. .... . . . 0.084 

After chemicking 0.08 

Fully bleached .... 0.074 

Tdalf-bleached 0.37 


the following table shows the loss in strength of linen during 
hleaching corresponding to the same tests given above for loss in 
weight : 

d'ensilc Strength 
Grams 


Brown linen ... 

After lirnc-boil 

After soda-boil 

After chemicking . . . 

Fully bleached 

Decrease in strength 


1270 

960 

1070 

930 


910 

— 28.3 percent 


It is to be noticed that the soda-boiling causes an increase in 
strength ; this is no doubt due to the action of the alkali increasing the 
cohesion and consolidation of the fibers in the yarn. 



Chapter XXV. 

Bleaching of Other Vegetable Fibers and Materials. 


1. General Considerations. 

The other vegetable fibers besides cotton and linen which are used 
for textile purposes arc seldom bleached, as they arc employed for the 
manufacture mostly of rough and crude fabrics and arc not frequently 
dyed in delicate colors. They nearly all contain a considerable amount 
of natural coloring matter, more or less associated with the constitu- 
tion of the fiber itself, so that in bleaching the fiber to a perfect white 
it is chemically decomposed to a considerable extent, in consequence of 
which its strength and physical properties are seriously altered. 

Jute, however, is coming to be used to quite an extent for the 
manufacture of woven articles, and as it possesses a dark brown color 
in its natural state, it is frequently desirable to bleach it to a greater or 
lesser degree. Hemp is also bleached at times in a jiartial manner for 
certain jmrposes. Some fibers, such as ramie, for instance, are so 
white in their natural condition that they require about the same char- 
acter of bleaching as cotton. Straw, and similar fibers, are frequently 
bleached, sometimes to a complete white, though mostly only partially 
decolorized ; but such fibers are almost altogether employed for hat- 
making, and can scarcely be included as textile materials.^ 

2. Bleaching of Jute. 

Jute may be bleached after the general manner of cotton and linen. 
As jute, however, does not consist of pure cellulose like cotton, but of 
what is known as “lignocellulose,” it suffers considerable alteration 
by bleaching with chloride of lime.^ The fiber constituents appear to 
become chlorinated and physically altered. 

* The following process has been put forward for the bleaching of jute or other vegetable 
matters: The material is immersed for a period not exceeding 2 hours in a solution of 
potassium permanganate not exceeding 1 J/4 percent in strength; then a solution of hydrogen 
peroxide of not more than 2 percent strength is added to the bath in such proportion as to 
cause the complete decomposition of the potassium permanganate rc-niaining in the bath. After 
remaining for a further period of hour, the material is removed and thoioughly washed 
If any manganese oxide is left on the fiber, it is removed by a bath of a weak solution of 
sodium bisulfite, after which the material is a^ain washed. (Fng. Pat., No. 10,424; 1895). 

* The vegetable fibers, although consisting in general of cellulose, have the latter not only 
mixed with but actually combined with other substances, gcncially considircd as alteration 
products of the cellulose Cross and Bevan classify these compounds in three groups: (x) 
iignocellulose, (2) pectocellulose, (3) adipoccllulose. And those groups may be said to comprise 
the major portion of the extraneous material which it is the object of bleaching to remove 
or decolorize. The lignocclluloscs are best represented by jute, which fiber consists almost 
entirely of those bodies. Lignocelliilose gives the following characteristic reactions: (i) 
It combines energetically with chlorine, forming a chloride, the presence of which may be 
detected by the intense magenta-red color produced on the addition of sodium bisulfite. (2) 
Potassium iodide with sulfuric acid colors the lignoct lluloscs a deep brown. (3) Aniline hydro- 
chloride gives a golden yellow color with Iignocellulose.^ (4) The coal tar dyes in general 
have a strong amnity for Iignocellulose (5) A solution of phenol in hydrochloric acio 
gives an intense red color with Iignocellulose. (6) Potassium fcrricyanide gives a deep blue 
color. 
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The following method is carried out in England for obtaining a 
“half bleach” on jute yarn: The hanks are worked in a solution of 
bleaching powder at 8*^ Tw. for one hour at a temperature of 8o° to 
100^ F., attempting as far as possible to keep the material submerged 
beneath the surface of the liquor and not exposed to the action of the 
air. The jute is then removed from the bleach liquor, allowed to drain 
and is then washed. The next operation is to work the material in a 
bath of sulfuric acid at 4° Tw. for 30 minutes, and finally wash well 
in several changes of water. To obtain a lighter color on the yarn, 
these operations are repeated several times, if necessary. Another 
method of bleaching jute yarn is to use a series of three bleach liquors, 
the first containing 15 to 20 percent of bleaching powder (on the weight 



Fic. 2(S8. — Skein Machine for Jute Scouring .ind JUeaclniajf. 

of the jute) ; the second 10 to 15 percent ; and the third 10 to 5 percent. 
The yarn is steeped in each tank about 45 minutes at a temperature of 
120° F., after which it is washed and j^assed through a bath of sulfuric 
acid at 1° Tw., in which it is steeped for one hour. Jt is finally well 
washed to remove the acid. 

Jute has also been bleached by the use of sulfuring or stoving process 
whereby the fiber is exposed to the action of fumes of burning sulfur 
(sulfurous acid) in a manner similar to the bleaching of wool. This 
has the effect of lightening the color and also increases the luster of 
the fiber and gives it a better feel. The hanks of }arn are hung up on 
poles in a sulfur chamber, and it requires about i lb. of stick sulfur for 
each 100 lbs. of jute. New jute is sulfured more readily than old jute, 
therefore unless well blended together in the yarns, the fiber from dif- 
ferent seasons will come up .streaky. If jute after sulfuring is dampened 
it becomes quite yellow in color, and as this particular tone is sometimes 
especially desired, the bleacher sometimes steams the yarn after sulfur- 
ing in order to give it the required degree of moisture to produce the 
yellow color. 
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In bleaching jute, the yarn usually appears very uneven after treat- 
ment with the first solution of chloride of lime, on which account the 
three-bath process is to be recommended. If left too long in the hrst 
bath the yarn is liable to become tendered. The manner in which the 
yarn was spun also has considerable influence on its behavior in bleach- 
ing; if mineral oils have been used in the spinning, it is necessary to 
first sleep the yarn in hot water, or to scour it out in alkaline solutions. 
Under other conditions, jute is rarely treated with alkalies previous to 
bleaching, the chief reason being that it occupies too much time and is 
too expensive, and also the )arn loses too much in weight, while the 
final results of bleaching are but slightly enhanced by the alkali treat- 
ment. The loss in weight sustained by jute when bleached with chloride 
of lime and without being boiled out with alkalies is from 6 to 8 percent. 

According to Beltzer from the iioint of view of bleaching the prin- 
cipal factor in the treatment of jute is the lignin complex. These bodies 
combine with chlorine forming products soluble in water. The forma- 
tion and removal of these chlorinated products destroys the cohesion 
of the ultimate fibers wdth the result that the fabric is weakened. I'he 
guiding principle in the application of hypochlorites is therefore to 
avoid chlorination and to conflne the action entirely to one of oxidation. 
To insure this it is very important to avoid aciditication of the hypo- 
chlorite liquor and to maintain a neutral or even slightly basic reaction. 
The bleaching of jute by the use of nascent ox}gen alone may also 
be effected by the use of peroxides or perborates in neutral, alkaline 
or acid solution. A satisfactory bleach h([Uor may be prepared with a 
solution containing 5 grams of sodium peroxide and i gram of sodium 
sulforicinoleatc (Tetrapol) per liter. The latter ingrcclicnt makes for 
better penetration and equalization of the bleach liquor. The cloth is 
run back and forth between squeeze rolls in this bath at a temperature 
of 85° to 105° F. for about 2 hours. It is then rinsed and steeped 
in a stock solution containing i liter of sodium bisiillite liquor and 50 
grams of oxalic acid per 10 liters for 8 to 10 hours at a temperature 
of 160° to 175° F. In order to obtain better bleaching the cloth may 
be subjected to two treatments with the peroxide bath with an inter- 
mediate sour and finally given a linishing steep in a solution of 5 to 10 
grams per liter of sodium hydrosulfite at yo'’* to 80° h, for 12 hours, 
as this improves the color. A cheaiier bleach may be obtained by sub- 
stituting hypochlorite for the first peroxide liath, the cloth hemg run in 
a neutral or basic solution of hypochlorite containing a little Tetrapol 
at a temperature of 85'" to 105° F. Then without washing it is run 
into a solution containing 3 grams per liter of sodium peroxide at the 
same temperature and is then finished with a treatment with acid 
bisulfite as before. The cheapest method, but one which gives inferior 
results is to give a hypochlorite bleach, then an ammoniacal “antichlor.” 

Cross and Bevan recommend the following process for the bleaching 
of jute' pieces: The goods are first treated with a solution of silicate 
of soda containing 5 "lbs. per 100 gals, of water at a temperature of 
160° F. They are then passed through a solution of sodium hypo- 

• Bull. Soc. Chetn., 1910, p. 294, 
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chlorite containing between 0.7 and i percent of available chlorine. 
The presence of soda is said to completely prevent the formation of 
chlorinated products. After being well washed, the pieces are next 
passed through a solution of hydrochloric acid at Tw. to which 
a small amount of sodium sulfite has been added. The object of this is 
to remove any basic compounds which might subsequently cause a dis- 
coloration of the fiber through the action of oxidizing agents, and also 
to remove any salts of iron. After the acid bath, wash well. The 
goods should now be of a light cream color, have a soft handle, and 
be of good luster, and they are ready to be dyed. If the pieces are 
required for printing, they must be subjected to the following addi- 
tional process: Pass through a bath of sodium bisulfite containing 
from T to 2 percent of sulfurous acid. Sciuee/e out the excess of liquid, 
allow to lie for 2 to 3 hours, and finally dry on steam cylinders. In 



Pig. JtS9.— Hollander for Bleaching and Washing Paper i'ulp. 


drying, the sulfurous acid is driven off and the material is left impreg- 
nated with a neutral sulfite of soda which protects the fiber from the 
oxidizing influences to which it is exposed during steaming, but does 
not prevent the development of the colors. 

Bleached jute appears to undergo certain changes on exposure to 
the air, as it gradually becomes darker in color and turns brown, while 
the fiber itself becomes harsher and more brittle, though if properly 
bleached it is only slightly tendered. 

The statements to be found in many text-books that the ordinary 
methods of bleaching vegetable fibers with chloride of lime are not 
applicable to jute on account of this fiber rapidly absorbing chlorine 
and being thereby decomposed are misleading and erroneous, as the 
quality of the fiber does not appear to be very materially injured by 
bleaching in this manner, and tlie natural color may be almost com- 
pletely removed. 

The difficulty in the bleaching of jute with hypochlorites lies appar- 
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ently in the fact that the lignocellulose bodies in the fiber combine 
chemically with chlorine to form “chloramines’’ which are persistently 
retained by the liber even after souring and very thorough washing. 
The chlorine retained in this form gradually reacts on the liber on ex- 
posure to the air, resulting no doubt in the formation of hydrochloric 
acid or other destructive compounds, with the result that the fiber is 
gradually rotted. According to Hummel, solutions of sodium hypo- 
chlorite do not have this effect, and can be used therefor with better 
results than solutions of chloride of lime ; but this is to be questioned, 
as “chloramine” bodies are no doubt formed with sodium hypochlorite 
as well as with any other hypochlorite. By the use of the permangan- 
ate bleach, the formation of “chloramines” is avoided, and nothing is 
left in the fiber which should prove subsequently to be injurious. The 
first action of the permanganate bleach, however, is much more severe 
than the hypochlorite, and consequently care must be exercised in this 
treatment to avoid tendering of the goods through over-oxidation of 
the fiber and the cementing tissues. 

Potassium permanganate does not appear to be a good agent for 
the bleaching of jute, as it docs not decolorize the fiber as well as 
chloride of lime, and it also seriously injures the strength of the jute 
by too strong an oxidation. It may, however, be used in connection 
with the hypochlorite bleach in the following manner : ^ The material 
is steeped over-night in water, then squeezed and well washed, after 
which it is boiled for i hour in a bath containing 5 pounds of soda ash 
to 100 gallons of water, s([ucezed and washed again. It is next steeped 
for 10 hours in a solution of bleaching powder of Tw. strength; 
squeezed and steeped in hydrochloric acid of ^ 4 ° Tw. for i hour, 
squeezed and washed well. It is next stcc])ed for i hour in a bath con- 
taining 2)4 pounds of potassium permanganate to 100 gallons of water, 
and after squeezing, passed for half an hour in a bath containing 8 
gallons of sodium biMilfite (32° Tw.) in 100 gallons of water. It is 
■finally washed, and boiled with a weak soap solution containing a blue 
color for tinting.'* 

A method of bleaching jute refuse of various origins for the prepara- 
tion of paper stock is the following: Ihc jute is boiled for 10 hours 
with 15 percent of lime and under a pressure of i )4 atmospheres, then 
washed and hydrocxtractcd. The material is then exposed for 24 hours 
in a chamber to the action of chlorine gas, for which purpose for lOO 
lbs. of jute there are required 75 lbs. hydrochloric acid (20° Be.) and 
20 lbs. manganese dioxide, which corresponds approximately to 12 lbs. 
of chlorine gas.'*’ The jute is then treated with a solution of caustic 
soda containing i Ib. per 100 lbs. of jute. At a moderate temperature 
this dissolves the majority of the oxidized coloring matter. The jute 
is next washed and placed in a bleaching bath containing 5 to 7 lbs. of 
chloride of lime per 100 lbs. of material. 

* Buscli, Jour. Soc. Dyers & Col , looi, p. 177. -xi. 1 1 • j r r.v.A 

* It is nut possible to bleach jute a thorough white by treatment alone with chloride ot lime, 
but bv following this treatment will: one with potassium permanganate it is possible to produce 
a full white. A good half-bleadi on jute may be obtained by the use of the permanganate 

^^^^^At^'he^present time liquefied chlorine can be u.sed as the source instead of the antiquated 
process of liberating it from hydrochloric acid and manganese dioxide. 
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3. Bleaching of Hemp. 

Hemp is mostly employed for rope making, and is seldom used for 
the manufacture of woven fabrics, on which account it is seldom 
bleached except in a partial manner. When such a bleach is desired 
on hemp, the^ material is boiled for an hour in a solution containing 
10 kilos, sodium silicate per 500 liters of water. It is next boiled in 
plain water, then rinsed, and steeped for 24 hours in a solution of 
bleaching powder at 1° Tw. After this it is allowed to drain, and 
is then soured in hydrochloric acid at 1° Tw. It is finally well washed 
with water to remove the acid. If a lighter color is desired these opera- 
tions are repeated several times. 



Frc. 290. — Miller Duplex I’cater for lUeachuru and WashiiiK T’apcr I’ulp. 

Kaplf and Stirm give the following process fur the bleaching of 
hemp: The goods are first steeped in a weak acid bath and then boiled- 
(nit with soda ash without pressure; then wash, sour, wash, and chcmic. 
For the latter purpose it is recommended to use an electrolytic hypo- 
chlorite solution; then rinse, sour and wash well. The hemp should 
then be of a light cream color; if a full white bleach is desired the 
process must be repeated a second time, using weaker boiling-out and 
chemic baths. Finally treat with a weak solution of soda ash, soap 
and treat with ultramarine. The fiber should now he a pure white 
and will show a loss in weight of 10 to 12 percent and a decrease ir. 
strength of 10 to 20 percent. The extent of these losses depends on 
the care exercised in the operations, as well as in the quality and con- 
dition of the hemp, its preparation and the strength and twist of the 
yarn. 

Manila hemp may be decolorized to a considerable extent by boiling 
in a 5 percent solution of caustic soda for 2 to 3 hours, then washing 



530 


BLEACHING 


thoroughly and drying. The fiber does not appear to lose much in 
either its strength or its luster by this treatment, and the color is 
changed from a dark brown to a light yellow. Manila hemp may be 
further bleached to almost a pure white by steeping in a solution of 
sodium bisultite (containing i part of sodium bisulfite liquor 20° Be. 
to 10 parts of water) for 12 hours. 

According to Carter, hemp yarns may be bleached as follows: (i) 
boil for I hour in a 10 percent solution of soda ash, wash and squeeze ; 
(2) reel for i hour in a solution of bleaching powder of Tw., and 
then wash thoroughly, or instead of reeling the yarn through the solu- 
tion it may be steeped in the liquor for 10 to 12 hours; (3) sour for 
I hour in a solution of sulfuric acid at 1° Tw., and wash; (4) boil for 
I hour in a 2 to 5 percent solution of soda ash, and wash ; (5) reel and 
wash as in (2) ; (6) sour again and wash as in (3). This will give 
a satisfactory half bleach. 

4. Bleaching of Ramie. 

When ramie (or China grass) has been properly degummed it 
bleaches rather easily and yields a white lustrous fiber of great strength 
and durability. The following process has been recommended for 
the bleaching of this fiber: (i) kicr-boil in a dilute solution (0.3 per- 
cent) of soda ash, (2) chemic with a solution of sodium hypochlorite of 
1° Tw., (3) sour with sulfuric acid of Tw., and wash thoroughly. 
Ramie may also be bleached by the permanganate method, the fiber 
being steeped for i to 2 hours in a bath containing i percent of potas- 
sium permanganate ; then rinse and immediately treat with a solution of 
sodium bisulfite in order to remove the brown deposit of hydrated 
manganese oxide. The permanganate method of bleaching ramie has 
also been used in conjunction with hydrogen peroxide.^ ^ In this process, 
after treatment with permanganate, a 2 percent solution of hydrogen 
peroxide is slowly added to the same bath in amount sufficient to de- 
colorize the solution, the ld)er being well worked in this bath in the 
meanwhile. This reaction results in the decomposition of both the 
permanganate and the peroxide.^ Sufficient sulfuric acid should he 
present with the permanganate to prevent precipitation of nianganic 
hydrate, as in the absence of acid the solution becomes alkaline owing 
to the production of caustic potash and manganic hydrate is formed.*’ 


5. Bleaching of Artificial Silk. 

This fiber consists of a form of cellulose (being a fine filament spun 
from a solution of cellulose) and consequently is bleached much after 
the manner of cotton. As the fiber, however, in its manufactured con- 
dition is very pure it does not require a previous boiling-out operation, 
and only requires a treatment with a hypochlorite or peroxide for the 
purpose of giving a white color. 

There are three forms of artificial silk at present to be met with on 


^ Patent of Mclvor and Chester. 

"According to the following reaction; . v i orr n . rn 

SH2O3 + KoMnjOs 4 - 3H0SO4 = zMnSO* 4 * KnSO* + + 5O2 

» 4H2O2 + KjMnaOs = Mn2(0H)e + 2X011 + 402. 
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or sHk made from a solution of 
nitrated cotton m alcohol-ether; this is also called collodion silk: (2) 
cuprate st k or glansstoff,^ made from a solution of cellulose in cupram- 
moimiin hydrate; (3) viscose silk made from a solution of cellulose 
xanthate known as viscose.*" 


All these forms of artificial silk have the disadvanfas,^e of bccomiii'>' 
much weakened on heiiig welted with water ; coiisciiuentfy in the bleach- 
ing baths they must be handled with particular care and skill in order 
to obtain a satisfactory product. 

The color of the crude or raw prodiicl is a pale yellowish white, and 
tnough usually of a sufficiently good color for the dyeing of even pale 
shades, when used for white goods the hher must generally be bleached 
Cuprate silk is probably the easiest to bleach. The silk is wetted 
out in lukewarm water and then put into a clear solution of bleaching 
powdei at 2 J w. and at 85° F. for half an hour. The goods are then 
rinsed in water and soured in a bath containing 5 percent "(on the weight 



of the goods) of sulfuric acid at 85^' F. A thorough washing is then 
given to remove all the acid residues from the fiber which would other- 
wise tender the goods on drying. Finally, the silk is put through an 
antichlor bath containing 3 jiercent of sodium hyposulfite. A 5 percent 
solution of hydrogen tieroxide can also he used for the same purpose. 
If a blue tone of white is desired the bleached material may be tinted 
with a small quantity of Alkali Violet or Acid Violet in a cold or luke- 
warm bath with the addition of 2 to 5 percent of acetic acid. Methyl 
Violet or Victoria Blue should not be used as the artificial silk takes up 
the color so rapidly that uneven tinting generally results. 

Chardonnet silk is harder to bleach than cuprate silk, as it is more 
resistant to the action of the hypochlorite solution. It is customary 
to give this silk a preliminary treatment in a bath containing to percent 
of hydrochloric acid. It is rinsed thoroughly and bleached in a bath 
of bleaching powder solution at 2^ Tw. at 85° F. for half an hour. 
The silk is then rinsed and put back into the hydrochloric acid bath, 
again rinsed, treated with an antichlor bath as above described, and 
finally tinted, if necessary, with Alkali Violet. If a soft handle is 

’"There is also a fourth form of artifieial silk known as acetate silk and made from a 
solution of cellulose acetate. It has not as yet, however, met wjth any considerable degree of 
commercial success. 
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desired on the finished goods, i to 2 percent of olive oil previously 
emulsified with a little soda ash is added to the tinting bath. 

In all the baths employed for tinting artificial silk, the amount of 
liquor should be about 50 times the amount of the silk; that is to say 
a 50-pound lot of silk will require 300 gallons of liquid. 

Instead of using a solution of bleaching powder (chloride of lime) 
for the bleaching of artificial silk, a solution of sodium hypochlorite may 
be used, and ])crhaps with better advantage, as in the latter case there 
will be no insoluble lime salts to be removed from the fiber, and hence 
less washing and acid treatment will be required. The sodium hypo- 
chlorite solution may be prepared in the usual manner by taking 100 
pounds of bleaching powder and stirring it up with 100 gallons of 
water. Allow the sediment to settle and draw off the clear liquor, which 
should stand at about 12° to 13° Tw. This solution consists prin- 
cipally of calcium hypochlorite and chloride with a small quantity of 
free calcium hydrate. A solution of 60 pounds of soda ash in 50 gallons 
of water are then mixed with the chloride of lime solution, the whole 
well stirred up and then allowed to settle. The clear liquor is drawn 
off and consists of a solution of sodium hypochlorite with a small 
amount of caustic soda. As it is best not to use an alkaline liquor for 
bleaching artificial silk, this solution should be carefully neutralized 
before using by the addition of the requisite amount of hydrochloric 
^icid. 

Another more convenient method for the preparation of sodium 
hypochlorite for the bleaching of artificial silk is by the use of a liquid 
chlorine. This is obtained as a liquefied gas under pressure in steel 
cylinders, and is utilized by passing the chlorine gas into a solution of 
caustic soda. By using the proper proportions a practically neutral 
solution of sodium hypochlorite is obtained. For 100 gallons of liquor 
use 48 pounds of caustic soda (76*^) and 40 pounds of chlorine. The 
solution is tested with a few drops of phenolphthalein reagent and if 
not neutral more chlorine gas is passed in. Soda ash can also be used 
for the preparation of sodium hypochlorite from liquid chlorine, but 
as the solution in this case cannot be obtained neutral without decom- 
position its use is not recommended for the bleaching of artificial silk, 
as the considerable excess of alkali needed in the solution has a bad 
action on the silk. 

6 . Bleaching of Straw. 

This material is very extensively used for the making of hats and 
passementerie and a great deal of the material is required to be bleached 
Straw is a cellulose vegetable material and consists of the stalks of vari- 
ous cereal plants or -grasses. These are braided into plaits which are 
used for hat-making. Chip plait made from strips of willow or poplar 
wood is also used. Straw plaits are usually of a light yellow 
color which may be more or less pronounced, depending on the onguj 
of the straw and the treatment it has been subjected to. The externa, 
surface of straw is also coated with a hard siliceous skin which is quit* 
resistant to the penetration of solutions. In this respect straw diners 
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quite materially from chip plait, which is simply a thin cut tissue or 
strip of wood. Although the yellow color of natural straw may be 
quite satisfactorily bleached by the proper application of the several 
bleaching agents ordinarily used for bleaching the vegetable fibers, it 
does not appear to be possible to obtain a bleached white color that is at 
all permanent to exposure to the atmosphere, as the substance of the 
straw itself is gradually changed to a yellow color under the inlluence of 
sunlight and air. 

Straw may he bleached by either the sulfurous acid or the peroxide 
method. 'Fhe former is carried out in the same manner as for wool, 
the straw being exposcfl to the action of the sulfurous acid fumes for 
several hours. As a rule, the finer the straw, the longer will be the time 
required for the bleaching. When bleached by the sulfurous acid 
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process, however, the straw is liable to regain its yellow color on ex- 
posure, especially to sunlight. The peroxide bleach is carried out in the 
usual manner with the use of sodium peroxide, and appears to be 
cmiiientlv suited for straw, as the bleach is more [)ermancnt. Chloride 
of lime has aKo been used for the bleaching of straw, the goods being 
previously boiled in a bath of dilute cau.stic soda. The bleach liquor 
should stand at about 1° to 2° Tw., and the straw is subsequently 
washed in dilute hydrochloric acid, and then in several changes of fresh 
water in order to remove all trace of acid. 

In order to prepare straw plait for bleaching it is first soaked for 
several hours in hot water in order to soften the fiber. It may also be 
steeped in a hot solution of sodium silicate, though it is necessary to 
avoid too severe action with hot alkaline liquids as this tends to dissolve 
off the siliceous structure, causing the .straw to become weak and brittle 
and to lose its luster. After a thorough wetting-out the straw is steepecl 
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for several hours in a lukewarm bath (120° to 140° F.) containing 
hydrogen peroxide (i to 3 percent). This may be prepared either from 
the commercial hydrogen peroxide solution or from sodium peroxide in 
the manner given on page 137. After treatment in’ the peroxide bath 
a rinse should be given in a solution of oxalic acid and tartar, 4 pounds 
of each being used to 100 pounds of straw plait. 

The following method is an Italian process for the bleaching of 
straw, and though it is rather long and tedious, it is said to give excellent 
results : 

(1) Soak the straw in water overnight, and dry. 

(2) Place the straw in a bath of 100 gallons of water and 15 gallons of 
hydrogen peroxide, and about 10 lbs. of water glass. Enter the material at 
about 175“ F, and keep at that temperature; for 12 to 16 hours, after which 
rinse and dry. 

(3) The straw is next placed in a strong solution of sodium bisulfite for 
12 hours. 

( 4) The straw is rinsed and dried, and placed in a cold bath containing 
4 lbs. of acid potassium oxalate and 8 lbs. of sodium bicarbonate for every 100 
gallons of water. After 12 hours, rinse, sulfur for 7 to 8 hours, and dry. 

(5) A final cold bath is given, containing 5 lbs. of acid potassium oxalate 
and 4 lbs. of sodium bicarbonate for every 100 gallons of water, and followed 
by a repetition of the sulfuring. 

Good results are also said to be obtained by the following sitftple 
method : Soak the straw overnight in cold water, and give a cold bath 
of 100 gallons water, 16 lbs. of oxalic acid, 10 lbs. sodium peroxide, 
and 10 to TS lbs. of sodium silicate. After 10 to 12 hours the bath is 
warmed. The straw is then rinsed, sulf tired, rinsed, and dried. 

A German process for the bleaching of straw is to soak the material 
for 3 hours in warm water, and then a solution of soda ash at 120° F., 
after which they are placed in a bath containing i lb. of chloride of lime 
for each 25 lbs. of straw. The material is left in this bleaching bath 
for I hour, after, which time a small quantity of dilute hydrochloric acid 
is added, and the straw is left for half an hour longer. After this 
treatment the straw is washed at first in a one percent solution of soda 
ash, and then in fresh water. It is also said that the characteristic luster 
often exhibited by straw may be removed by treating with a bath con- 
taining one percent of picric acid. 

The older method of bleaching straw was with th(' use of sulfurous 
acid gas (fumes from burning sulfur). The old Luton bleach which 
was long successfully practise<l in England was as follows : For 

100 pounds of straw plait first steep overnight in cold water, then wash 
in a warm bath of soap and soda ash ; rinse and work in a bath contain- 
ing 4 pounds of oxalic acid and 4 pounds of tartar and 4 pounds 
potassium carbonate until the yellow color has largely disappeared. 
Rinse well and expose in the sulfur chamber, repeating if necessary 
a second time to obtain a satisfactory bleach. 

The peroxide method of bleaching, however, has largely superseded 
the sulfur bleach, though often the two methods are combined in order 
to produce a fine color. 

” R. B. Brown, Jour. Soc. Dyers & Col., 1899, p. -8 
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Chip plait is bleached by practically the same methods as those em- 
ployed for straw. In order to produce the desired results and at the 
same time to preserve the luster and natural qualities of the material a 
good deal of art has to he practised in addition to the conventional 
methods of bleaching, and this can only be learned in the practical work- 
ing of the material. 

According to the Badische Co.^“ straw may be bleached by hydro- 
sulfites in the following manner: A solution is prepared containing i 
kilo, of powdered sodium hydrosulhte, 500 grams of crystallized sodium 
phosphate, 300 grams of soda ash and too liters of cold water. The 



straw is placed in this bath and then the temperature of the Ikpior is 
j:;radually raised to 60° to 70*^ C., and is maintained at this point for 
about 12 hours, when it is slowly allowed to cool. The goods arc then 
removed from the bath, thoroughly washed and further treated for 2 
to 3 hours in a bath containing 2 grams of oxalic acid per liter at a 
temperature of 30 to 40° C. TIku finally wash and dry. 

7. Bleaching of Paper Pulp. 

d'his material is composed of vegetable fibers derived from wood, 
cotton, linen, straw or other sources. It is bleached by the use of hypo- 
chlorite solutions, the principal agent used being bleaching powder or 
chloride of lime. In fact tlic principal and largest use of bleaching 
powder is for this purpose. Paper pulp when mixed with water forms 
a broth of a semi-liquid consistency; the fiber is beaten up with water 
in an apparatus known as a beater which keeps the material in continual 
suspension and circulation and allows of a very thorough and intimate 
mixing. The bleaching powder (cither in the dry powder form or as a 
concentrated solution) is added directly to the jHilp mass in the beater, 
and the latter is run for a couple of hours, or until the fiber is satis- 
factorily bleached. The material is then washed and soured with a 
solution of about 4 pounds of sulfuric acid in 16 pounds of water for 

'■ I r. Pat. 420,725. 
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each 100 pounds of bleaching powder used. After the sour treatment 
the while color is much enhanced and the full action of the bleach is 
developed. The pulp is then well washed and usually treated with a 
small quantity of antichlor (sodium bisulfite or sodium thiosulfate) in 
order to destroy or neutralize the last traces of chlorine compounds. 

Another method of operating in the bleaching of paper pulp is to 
run a continuous system; the fluid pulp is run into a high cylindrical 
wooden tank where it is mixed with the required bleaching solution 
and suitably mixed by a revolving agitator. The pulp and the bleach 
liquor run in continuously in the proper proportion and as the first tank 
fills up it overflows from a bottom outlet into a second similar tank 
where the treatment and agitation is continued. A battery of six to 
ten tanks may be used in this manner with a regulated progression of 
the pulp so that when the last tank is reached the bleaching of the 
pulp is completed. 

Large pulp mills use such an amount of bleach that frequently an 
electrolytic installation is employed, for the production of chlorine on 
the one hand and caustic soda on the other. The latter is used in the 
cooking of the wood to produce the fiber, while the chlorine is absorbed 
in milk of lime or caustic slaked lime to produce bleaching powder. In- 
stead of using chloride of lime it is possible to also use sodium hypo- 
chlorite by absorbing the chlorine gas in a solution of caustic soda until 
a neutral bleach liejuor is obtained. It is not well to use an alkaline 
bleach liquor for wood pulp as the liquor in the pulp is discolored by 
the alkali. 

It is also possible to use the chlorine for bleaching by properly ab- 
sorbing it in water containing a small amount of alkali, and using this 
solution for bleaching the pulp. By employing a suitable device for 
feeding in the chlorine and mixing it with tlie water a continuous 
bleaching process may be used or the chlorine solution may be fed 
directly into the pulj) in the beater in the usual way.’* 

The amount of chloride of lime required for bleaching paper pulp 


“According to Elicit (Papurfabr., lou, p. 305) uho describes a typical Siemens-Haibke 
installation of cells, the concentration of the caustic soda liquor at the cathode is about 130 
grams per liter. A unit consuming about 10 HE, produces in 24 hours about 57 kilos, of 
chlorine gas and 6.t 4 kilos of caustic soda In actual practice, the production of i kilo, of 
active chlorine in the form of bleaching liquor mniircs .a current of about 4 KW hours, as 
against 6 KW hours m the production of a coi responding amount of electrolytic bleach liquor 
The consumption of salt dei>tnds on the manner m which the caustic soda is utilized; if the 
liquor can be used din ctly as it comes from the clcctrolyzeis and lonlaiiiing a certain pro 
portion of salt, the costs of evapoiatinn and purification are eliminated, but the consumption 
of salt IS about 3 kilos r kilo, of active chlorine. If the soda lye is concentrated and 
purified, the salt is ntovind and the ( onsumi>tinn then falls to alanit 1 6 kilos ^ Tin s' 
figures compare with a torn spondmg salt consumption of 5 kilos, for the preparation of 
electrolytic hypochlorite. , , . , , . . j i it 

An interesting comparison between the ethcicncy of bleaehing powder ana electrolytic 
hypochlorite in the bleaching of rag pulps for paper is given by Fraass (Papierfabrikant, iqhs 
p 62) The concentration of the pulp used was 5 percent and the charge of each engine wa. 
330 kilos of dry fiber substance. The electrolytic liquor was slightly alkaline, but .au cases 
hydrochloric acid was added to the pulp during bleaching. The following results indicate th< 
economy effected by the use of the electrolytic liquor: cotton-hnen union rags; (a) blcachine 
powder, 4.29 kilos, of active chlorine, loso c c. of hydrochlnnc acid; (b) electrolytic liquoi. 
3 148 kilos of active chlorine, 700 c.c. of acid. Light printed calicoes, (a) bleaching powder, 
3 387 kilos of active chlorine, 800 c c of acid; (b) electrolytic liquor, 2.032 kilos, of activ 
chlorine 700 c.c. of and. It was remarked that in all cases the clcc^olytic liquor gave 
brighter’ colors than the bleaching powder, and also gave a softer fiber The duration ot t ’c 
ble^hing process was always the same. The electrolytic bleach was clmracterized by a rc ,1 
tively rapid start then the color changed more slowly than with the bleaching powder solution, 
but later the elcLrolytic solution regained headway and the final result was superior. 
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corresponding degree of whiteness. These pulps are washed by shaking 
twice with successive quantities of i liter of water, and drained by 
suction. In order to prepare sheets of them for record, each lot of 
bleached pulp is shaken with 500 cc. of water and poured into a porcelain 
filter-purnp funnel, the perforations being covered with a hne wire 
gauze. The stem of the funnel is provided with a tap so that the whole 
of the fluid pulp may be distributed evenly before any of the liquid runs 
through. The sheets so formed arc placed between filter-paper and 
passed through a wringing machine and dried in the air, then strips 
from each are mounted on a frame of black cardboard so arranged 
that they may be compared by transmitted as well as by reflected light. 

8, Bleaching of Leather. 

The production of bleached or white leather has rather to do with 
the process of tanning or tawing whereby the raw hide is converted 
into a leather rather than with a distinctive process of bleaching the 
prepared leather itself. It is hardly possible to bleach ordinary leather 
as prepared by either the vegetable or chrome tannage ; in the one case 
a brown colored leather is obtained, while in the latter case a greenish 
colored leather is produced. 

White leather, however, is largely made from light-weight hides, 
such as goat (kid) and sheepskins, for use in the manufacture of gloves, 
shoe-tops and fancy leather articles. Leather for tliis purpose is tanned 
by the alum or oil process, and finished with an egg -yolk or oil emulsion. 

g. Bleaching of Bone. 

Bone is an animal tissue combined with a skeleton of mineral matter, 
and it is used in the manufacture of a variety of articles, such as but- 
tons, toilet articles and various fancy goods. In the bleaching of bone 
the material should first be boiled for 2 to 4 hours in a dilute solution 
of salt and soda ash for the purpose of removing particles of flesh, mar- 
row and sinew. It is then well rinsed in water and bleached with a 
solution of sodium bisulfite, bleaching powder or hydrogen peroxide. 
Bone material intended for use as piano keys may be bleached by steep- 
ing in running water for 10 to 12 weeks, and then after-treating with a 
solution of sulfurous acid. The latter reagent should never be used 
in the gaseous state on the bone material as the bone will develop cracks. 

Bone may be bleached with chloride of lime by using a solution con- 
taining I part of bleaching powder to 4 parts of water. The well- 
cleaned bones are stee[)ed in this solution for several days and then 
rinsed well and dried. 

According to Hedriger bones may be bleached by steeping in tur- 
pentine for 10 hours in a tightly closed iron drum. The goods are then 
boiled for 3 hours in a dilute soap solution, rinsed in water and dried 
on wooden shelves without exposure to the sun ; a good white is de- 
veloped in the course of a few days. 

According to Augenstcin the bones are boiled in a concentrated 
solution of alum for an hour and then thoroughly brushed, after which 
they are gradually dried in damp sawdust to prevent cracking. 
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A very good white on bone material is said to be obtained by steep- 
ing in hot turpentine for 10 to 12 hours, then boiling in soap-boilers’ 
lye, and finally exposing to the sun for several days. 

Bones may best be bleached, perhaps, by the use of hydrogen 
peroxide. Ihc material should first be dipjied in gasoline or solvent 
naphtha ; then wiped well with a cloth and then steeped in a percent 
solution of hydrogen peroxide until the desired degree of whiteness 
is achieved. To olitain a good white product it is necessary to start 
with as fresh a bone as possible; old bones arc very difficult to bleach 
in a satisfactory manner. 

10. Bleachino- of Ivory. 

This material is only bleached when old stock is used that has be- 
come yellow in color; new ivory is seldom, if ever, bleached. In the 
bleaching of ivory articles practically the same procedure is carried out 
as with bone. Solutions of hydrogen peroxide are principally used 

tla* ii^e of such chemicals as sulfurous acul, sodium liisulfitc or 
chloride of lime tends to cause decomposition of the cell structure of 
the ivory and also seriously deteriorates the luster. The ivory is simply 
steeped in a to i percent solution of hydrogen peroxide made slightly 
alkaline with ammonia and kept at a temperature of about 120° F. for 
several hours, or until a satisfactory white color is obtained. Before 
bleaching the ivory should he well scoured with warm soap and rinsed ; 
or better yet, first dip the dry ivory in benzine or solvent naphtha to 
remove the grease, then rub off well with a woolen cloth and then scour 
in a warm soap solution. After bleaching in the peroxide bath the 
ivory mac be somewhat improved in color by dipping in a dilute (5 
grams pei iiter) solution of oxalic acid, then rinsing well by steeping 
in running lukewarm (120° F.) water. In drying the ivory should 
not be heated too rapidly as it is liable to crack and split. It is best 
dried slowly at a low temperature. The surface should also be polished 
by working in damp sawdust or by other suitable means. 

11. Bleaching of Horn. 

Horn is a substance employed for buttons and small ornamental 
articles in a manner very similar to bone and ivory. Most qualities of 
horn arc colored brown or gray from natural pigments and generally 
the color is quite dark. This pigment penetrates entirely through the 
material, and owing to the hard, resistant character of the horn sub- 
stance it is not possible to bleach it out with any degree of satisfaction. 
Furthermore, the horn tissue is quite easily affected by chemical agents, 
and any severe chemical treatment which would at all effectively bleach 
out the pigment would seriously injure the horn itself. 

The bleaching of horn is really not a process of destroying or re- 
moving the natural pigment as is customary in most bleaching opera- 
tions, but is simply done by impregnating the horn tissue with a white 
pigment so that the horn acquires a milky white opalescent appearance. 
It is really dyeing the horn white, and the process is carried out as 
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follows : The horn is first stained brown with red lead and then dipped 
in dilute hydrochloric acid, whereby the lead sulfide at first formed in 
the substance of the horn is converted into white lead chloride. The 
lead stain is made by stirring 5 pounds of caustic lime and 3 pounds 
of red lead with a solution of caustic potash. 1'he horn must not remain 
in this solution too long as it will become brittle. The hydrochloric acid 
used for the dipping should be very pure and free from arsenic and 
iron, otlicrwise the white color will not be satisfactory. 

12. Bleaching of Feathers. 

Feathers ccnisist of animal tissue very similar in chemical constitu- 
tion and properties to wool and the other animal fibers. The processing 
of feathers, however, is complicated by the fact that the feather as a 
whole must be more or less treated as a unit, and in the feather there 
are two distinct parts, the fine, fibrous fronds and the stiff horny tissue 
of the quill witli its radiating branches. These two portions of the 
feathe'*, being so different in their physical make-up, are very differently 
affected by cliemical solutions; consequently great skill and care must 
be exercised in the treatment of feathers. 

Feathers also differ widely in their quality, depending on their origin. 
Some are stiff and highly colored, while others are soft and downy, 
and in some cases practically white. The highly colored feathers arc not 
bleached, this process being limited to the so-called white feathers and 
more especially to ostrich plumes. 

Like wool, feathers are coated with considerable grease and oil, and 
before they can be bleached this greasy coating must be removed. This 
is usually clone by .soaking the feathers in benzine or solvent naphtha 
for several hours, using a closed vessel to avoid waste of solvent. Some 
form of agitation should be provided in order to move either the fluid 
or the feathers so as to facilitate the solution of the grease. The 
feathers, however, should not be agitated with any violence, as other- 
wise the spra>s will become matted and crushed. After cleaning the 
material should be slowly dried in a gentle current of warm air at about 
F. 

The bleaching is done by steeping the feathers in a i to 3 percent 
solution of hydrogen peroxide with the addition of sufficient ammonia 
to give a slight alkaline reaction with red litmus paper (turning it blue). 
The feathers should be loosely tied in small bundles and immersed com- 
pletely beneath the surface of the licpiid. If a cold bleach bath is used 
it will recjuire from 10 to 60 hours to obtain a satisfactory color ; but 
by heating the bath to 100° to 120° F. the time for bleaching may be 
materially reduced. It is also well to have some means of gently circu- 
lating the liquid, either by working the feathers about in the bath or by 
suitable mechanical means. 

After the bleaching treatment is finished the feathers must be well 
rinsed in plenty of soft water, and preferably in the first rinse water a 
small amount of oxalic acid may be used. After rinsing, the feathers 
are usually steeped in a bath of alcohol (sometimes with the addition of 
10 percent of ether). The goods are then centrifuged by whirring on a 



OTHER VEGETABLE FIBERS AND MATERIALS 543 


special apparatus for tliis purpose. When the feathers are dry they 
are clippecl several times in clean benzine and then dried by waving in 
the air or by placing in a warm vacuum chamber. The fronds are then 
curled by working over a knife edge. 

When old and worn feathers are to be cleaned and bleached it is 
customary to first treat them with a clean soap solution. 11ie latter may 
be prepared by boiling 3 ounces of good white tallow soap in one gallon 
of pure soft water; skim off any insoluble matter and let the solution 
cool, d he feathers are first soaked in lukewarm soft water for some 
time in order to thoroughly soften and wet them out. The feathers 
are then spread out on a smooth board and scoured with the soap solu- 
tion by means of a soft pad of cloth. After scouring the goods are 
rinsed well in lukewarm water, and then spread out and pressed gently 
between clean dry cloths, at the same time heating the feathers gently 
with the hand. When the feathers are nearly dry they may be bleached 
as above described by steeping in a solution of hydrogen peroxide made 
slightly alkaline with ammonia. 

Feathers may also be bleached in a manner very similar to the stoving 
of wool by subjecting the moist and clean material to the action of 
siilfurous acid gas (fumes of burning sulfur) or by steeping in a solu- 
tion of sodium bisulfite. This is the older process of blcacbing, but it 
has now been i)ractically superseded by the peroxide method which is 
much more convenient in its method of application and which also 
gives more satisfactory results. 

Hydrosulfitc compounds have also been used for bleaching feathers, 
but the results obtained arc not so satisfactory as with the peroxide 
method. 

Feathers may also be bleached by the use of potassium permanga- 
nate ; well cleansed goods are steeped in a solution of this salt containing 
5 to 10 grams per liter. The solution is used cold and for about 
hour. It is also well to add a small quantity of sulfuric acid to tlie 
permanganate solution in order to prevent the formation of a brown 
precipitate. After this treatment the feathers will be colored a deep 
brown, due to formation of a hydrated oxide of manganese. In order 
to remove this the goods are rinsed oflf in fresh water and then steeped 
in a solution of sodium bisulfite (5° Tw.) at 120® F. until the brown 
stain is all removed ; the bleaching eiTect of the permanganate will then 
he seen. A thorough rinsing should then be given in order to remove 
all trace of the bisulfite liquor. 

Bleached feathers may be tinted if desired to a bluish tone of white 
by the use of various blue or violet coloring matters. The chief tints 
used are Victoria Blue, Methyl Violet, Acid Violet, Indigo in fine sus- 
pension or Indigo Extract. 

13* Bleaching of Sponges. 

At the present lime sponges arc quite extensively bleached, the pur- 
pose being to reduce the rather dark brown color of the natural sponge 
to a pale yellowish broWn color. Sponge is a peculiar fibrous material 
which is contaminated with considerable soluble material derived from 
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the evaporation of the salt water, and also it contains considerable 
calcareous matter in the cell tissue. 

For tlie bleaching of sponge the material should first be steeped for 
several days in a number of changes of fresh water in order to remove 
all soluble matters. To remove the lime or calcareous matters, the 
sponges are then steeped in a cold 5 percent solution of hydrochloric 
acid for several hours, and after this the goods should be thoroughly 
rinsed in several baths of fresh water. The bleaching may then be 
accomplished by steeping the sponge in a solution of sulfiirous aCid 
or sodium bisulfite of 8*^ Tw. strength. The treatment is repeated 
several times until the color is satisfactory. The goods are then rinsed 
for 24 hours in several changes of fresh waiter. 

Bleaching may also be done by the use of hydrogen peroxide, using 
a solution of i to 3 percent strength made slightly alkaline with am- 
monia, the goods being simply steeped in the peroxide solution until 
the color has been sufficiently bleached. 

v^ponges may also be bleached by the use of jjotassium permanganate 
in the usual manner. The goods are steeped for hour in a solution 
of potassium permanganate containing 5 to 10 grams ])er liter. Before 
bleaching, of course, the sponges should be thoroughly cleaned, the 
calcareous matter being removed by treatment with dilute muriatic acid 
as above described. After coming from the bath of potassium per- 
manganate the sponges exhibit a dark brown color, due to the forma- 
tion of an oxide of manganese. This is removed by steeping the 
goods in a cold solution of sodium bisulfite at 50° Tw. until all the 
brown deposit is dissolved. Afterwards a thorough rinsing should be 
given to remove all residues of chemicals. 

Sponges after bleaching are generally tinted with a yellow dyestuff, 
for which purpose Phosphine and Auramine are generally employed. 



Chapter XXVI. 

Stripping of Dyed Colors. 

I. General Remarks. 

Ihe stripping of dyed colors has to do with the removal of dyes 
from various textile materials, either for the purpose of correcting an 
over-d3Td shade or for obtaining a lighter colored bottom for the 
re-dyeing of another color, ddiere is a large amount of dyed material 
spoiled in the mill, either on account of getting ofif shtidc or becoming 
uneven or spotted. Frequently this is turned into black, but some- 
times it may be desirable to strip off the color in order that the goods 
may be re-dyed either to the same original color in case of uneven- 
ness, or to a lighter color. The fashionable colors for different seasons 
change from time to time, and there may be quite a saving realized 
if the old colors of Icdt-over stock can be removed or stripped suffi- 
ciently to allow of being re-dyed to the more acceptable .shades. 

Another class of material subjected to the stripping process very 
frequently is shoddy or worked-over woolen material. As this is 
derived f-om all manner of rags, clippings, etc., there will occur in it a 
large amcant of colored material of all manner of shades. Shoddy 
is usually eare fully sorted into several grades for color, that is, the 
dark colors are placed together, then a lighter range of colors, and so 
on down to very light colors. Jn cases where the color is quite light, 
it may not pay to remove the dye and the goods arc put into cloth 
which is dyed a shade sufficiently heavy to cover up the irregularities 
of color in the original stock. Tut with heavily colored stock, it is 
often necessary to strip off the color at least partially, in order to 
obtain material to be put into other colors than black, as in this manner 
the value of the stock is much enhanced. 

Cotton is seldom stripped, except in cases where a color has be- 
come uneven or gone off shade, or in cases of garment dyeing and 
cleaning. More generally, however, cotton material, if to be re-dyed 
is either dyed in a darker color capable of going over the original 
color, or is turned into black. When it is required to strip cotton rags 
this is usually done by boiling with a solution of soda either with or 
without an after-treatment with hydrosulfite solutions. 

Although the principles of stripping are in general about the same 
as those in ordinary bleaching, the conditions are necessarily some- 
what different, for in stripping we have to deal with coloring matters 
other than those naturally present in the fibers themselves; and also, 
it must be borne in mind that the dyes dealt with belong perhaps to 
many different classes, and occur in much larger amount than the 
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natural color of the fiber. The methods of stripping will in a great 
extent be conditioned by the kind of fiber or material being dealt with, 
and in the second place with the character of the cbloring matter which 
it is desired to remove, and the depth of the shade together with the 
character of the color it is desired subsequently to place on the goods. 

The effect of the principal stripping agents on the cotton and wool 
fibers is as follows : 


Stripping Agent 

Cotton 

Wool 

Soda ash. 

Little or no effect. 

Liable to become brittle, 
harsh and rotten if 
process is not carefully 
regulated. 

Hydrosulfite formalde- 
hyde compounds 

Little or no effect. 

Slight tendering and con- 
siderable loss in weight 
occur. 

Sulfuric acid 

Must be well washed out 
or cotton will be ten- 
dered in dyeing. 

Hnless in great excess 
has little or no effect. 

Bichromate 

1'endcrs only if used in 
excess. 

Ts far more active than 
sulfuric acid in tender- 
ing. 


2. Stripping of Woolen Goods. 

The method to be employed for the stripping of woolen goods will 
depend to a considerable degree on the nature of the dyestuff on the 
material. 

The effect of different stripping agents on the colors of woolen rags 
is as follows : 


Stripping Agent 

Color of Rags 

Color stripped to 

Soda ash-hydrosulfite re- 

Blues 

Bluish gray 

agent 

Browns 

Light green 


Greens 

Light bluish gray 


Reds 

Light pinkish drab 

Bichromate of soda (8 

Blues 

Dark reddish slate 

percent) and sulfuric 

Browns 

Yellow orange 

acid (8 percent) 

Greens 

Greenish drab 


Reds 

Slightly browner 


On gray and faded black rags the soda-hydrosulfite strip is not 
very effective, and consequently the bichromate-sulfuric acid strip is 
generally employed. This gives a reddish brown to a light drab color 
depending on the amounts of chemicals employed. The maximum 
percentage that can be used is 8 percent of sodium bichromate and 8j4 
percent of sulfuric acid as higher percentages cause a tendering of the 
fiber. A lighter strip can be obtained by subsequently giving a fresh 
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hydrosulfite bath, but this of course will increase the cost of the process. 

For a light gray strip on blues and greens or a light drab on 
browns and reds use 4 percent of soda ash, though if the rags have 
been carbonized, it may be necessary to use up to 10 percent of alkali 
in order to neutralize the residual acid in the fiber. Start the goods at 
120° F. and slowly bring up the temperature to F., or until it is 
apparent from the feel of the goods that it is unsafe to proceed further. 
Allow to stand at least half an hour in the hot liquor and then wash 
off in two waters; then fill up the bath again and add 4 percent of 
Hyraldite Z (or similar hydrosulfitc compound) or 8 percent of sodium 
bisulfite. Slowly bring to the boil and maintain at that temperature 
for half an hour. Under no circumstances should acid be added to 
the bath.^ 

To obtain a light drab on faded black rags boil the goods first for 
5 minutes with 8 percent of sulfuric acid; run off the liquor, fill up 
with water and add 8 percent of sulfuric acid; boil for 20 minutes, run 
off the liquor, wash with water, fill up the bath again and add 3 percent 
of Flyralditc Z (or equivalent hydrosulfite compound) and gradually 
bring to the boil and maintain at that temperature for 20 minutes; 
then finally wash.- In order to cheapen the cost the hydrosulfite com- 
pound may be replaced by sodium bisulfite (6 percent), but the stripped 
color will be darker. 

Hydrosulfitc stripping is now displacing most other processes be- 
cause it is the most generally effective and it leaves the wool fiber in 
the most satisfactory condition. A bath recommended for this pur- 
pose is 

2 to 4 percent of Hyraldite Z (or similar hydrosulfitc compound) 

2 to 5 percent of I'ormic Acid (85 percent strength) 

If formic acid is not available, one half the quantity of sulfuric acid 
may be used. The shoddy or rags is entered at 120° F. and the bath 
gradually brought to the boil and continued for half an hour at that 
temperature. After thorough rinsing and neutralizing the stripped 
material is ready for rc-dycing. Instead of employing the prepared 
bisulfite compounds the dyer may prepare his own stripping solution 
from sodium bisulfite and zinc dust as follows: 

10 gallons of water 

10 pounds of zinc dust 

10 gallons of sodium bisulfite (70° Tw.) 

The zinc dust is stirred in slowly, and then the solution is allowed to 
settle until it becomes clear. The stripping bath is then prepared as 
follows : 

4 to 6 gallons of the above solution 
5 pints of acetic acid 
100 gallons of water 

The material to be stripped is entered into this solution at 140° F. for 
20 to 30 minutes. When the stripping is finished the material is 
washed", soured and washed again. This stripping solution consists of 

*The cost of this method of stripping is about i}4 cents per pound. 

•The cost for this method will be about 2 cents per pound. 
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a sodium hydrosulfite in admixture with sodium zinc sulfite and acts 
best when prepared fresh and added to the stripping bath just previous 
to being used. 

3. Stripping Acid Colors. 

The great majority of woolen goods which it is desirable to strip 
will be dyed with acid colors, and usually these dyes are more or less 
readily removed by means of alkaline baths. Solutions of ammonia 
are often quite efficient in stripping acid colors, though usually the 
removal of the color is by no means complete, yet sufficient dyestuff 
may be removed very frequently so as to bring the depth of the color 
down to a ])oint where the goods are available for use in re-dyeing. 
This method of stripping is especially good where material has been 
dyed over the shade and it is only desired to lighten the color to some 
extent. There arc, of course, acid dyes which arc not amenable to 
this treatment, and are but little affected by even strong solutions of 
ammoiua, applied either hot or cold. Solutions of sodium carbonate 
are also useful for the stripping of some acid dyes, but care must be 
had in the use thereof that the bath employed is not too strongly alka- 
line, as otherwise the wool itself may be seriously injured. Solutions 
of soda ash should not be used at temperatures above t8o° F. in gen- 
eral practice; only coarse material of low value should be subjected to 
temperatures higher than this. Soap solutions may at times be em- 
ployed for the stripping of acid colors with considerable success, and 
usually with less injury to the fiber than when soda ash is used, as the 
bath can be employed at a higher temperature without fear of injury 
to the material. Caustic soda should never be employed in an attempt 
to strip acid colors from woolen material, as this reagent wall destroy 
the wool fiber. 

Many acid dyes are stripped to a considerable extent by treatment 
with a boiling concentrated solution of glaubersalt, and in cases where 
it is simply the pui*pose to lighten an overdyed shade, this method of 
procedure is a very good one. 

In cases where it is desired to decolorize the material to a greater 
extent than possible in the above methods, more severe treatments 
must be resorted to ; as, for instance, when it is desired to strip dark 
colored shoddy so that it will take light colors on subsequent dyeing. 
One of the methods employed in such a case is a treatment with 
chromic acid; the latter usually being obtained from a mixture of 
potassium bichromate (or sodium bichromate) and sulfuric acid, or a 
mixture of the bichromate and oxalic acid. A bath is made consisting 
of 3 to 5 percent of chrome and 4 to 6 percent of sulfuric acid (on the 
weight of the material), and the goods are boiled therein for 15 to 45 
minutes, and then washed thoroughly in warm water containing a 
little ammonia. Another form of the bath is to use 2 to 4 percent of 
chrome, 2 to 4 percent of oxalic acid, and 3 to 5 percent of sulfuric 
acid.® This method of stripping also causes a mordanting of the ma- 

• The following method of stripping is said to give very good results; especially when used 
on carbonized rags: For loo lbs. of carbonized rags treat with a bath containing loo gallons 
of water, lbs. chrome, and lbs, sulfuric acid at loo® F., for i8 hours. Then rinse 
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terial with chrome, so that it may subsequently be dyed with alizarine 
colors immediately. Care must be had not to have the bath too strong 
with chrome, as the fiber itself may be oxidized, and thereby weak- 
ened in strength and altered in its dyeing properties. 

A solution of sodium hydrosulfite may also be used to good advan- 
tage in the stripping of acid colors, especially on shoddy. Tlie clear 
solution of freshly prepared hydrosulfite may be used in connection 
with a little acetic acid, or in the majority of cases simply a mixture of 
sodium bisulfite and zinc dust is made in the bath which is then 
brought to the boil, and the goods entered and worked until the color 
is sufficiently stripped ; after which the goods are passed through a 
lukewarm bath containing a small quantity of hydrochloric acid for 
the purpose of removing any adhering particles of zinc; the goods are 
finally washed in fresh water. Sodium hydrosulfite and the prepared 
hydrosulfitc-formaldcliyde compounds will strip a great many acid 
colors almost completely, so that the goods will be left almost whited 

Some of the acid dyes may also be partially stripped by the use of 
sodium hisulfilc solutions or sulfurous acid, in the manner practiced 
in the bleaching of wool; but the stripping is only partial, and it is 
difficult to remove the sulfurous acid from the wool, and also the color 
is liable to return after a time. 

Stannous chloride and hydrochloric acid will remove many of the 
acid colors; some of them, in fact, being stripped almost completely. 

Another efficient stripping agent is potassium permanganate fol- 
lowed by a treatment with sodium bisulfite ; almost any class of color 
may be removed to a greater or lesser extent by this method. 

4. Stripping Basic Colors. 

As these dyes are not much used on wool, this condition will sel- 
dom arise. Hot soap solutions will generally remove a considerable 
part of the color; and in the case of some colors, weak acid baths 
may be used to advantage. Treatment with chrome and sulfuric acid 
or with sodium h}drosulfite as outlined above is also a good means of 
removing basic colors. Stannous chloride and hydrochloric acid may 
also 1)0 employed for the removal of basic colors, and in many cases 
is a very good method. 

5. Stripping Alizarine and Mordant Colors. 

These are as a rule rather difficult to strip to any degree of satisfac- 
tion; but the use of chrome and acid will give good results in many 
cases. Sodium hydrosulfite will also decolorize many of these dyes. 
The natural d\cs are more easily stripped than the alizarines; Log- 

well in water and pass through a bath of dilute sulfuric arid till all trace of the chrome has 
been removed Next treat with another bath for 6 houis at 100° F.. and containing lOO 
gallons of water 9 lbs. magnesium sulfate, .and 3)4 lbs of sodium ncroxide, the magnesium 
sulfate being added first in the preparation of the bath. Rinse well and pass into a third 
bath prepared in the same manner as the second, and leave for 8 hours at 100° F. Rinse well 
in w.ater acidulated with snlfunc acid, then 111 a we ik so.ip hath, then in water It is said 
that the shade obtained on rags by this method is quite light and the process docs not injure 

principal compounds of this class that are used as stripping agents are Ilyraldite Z, 
Rongalite, Dccrolinc and Hydrosulfitc NFX, Bunnol and bormosul 
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wood may be taken off with oxalic acid, and Indigo with a solution of 
chrome and sulfuric acid. 

6. Stripping Substantive Colors. 

As a rule these are rather difficult to remove ; the best means being 
to use a bath of sodium hydrosulfite, though in some cases stannous 
chloride and hydrochloric acid work very well. 

7. Stripping of Cotton Goods. 

Dyed cotton material is not stripped except in cases where the 
dyeing has gone over the shade and it is desired to reduce the color 
partially. Where the substantive colors are used, considerable color 
may be removed by simply boiling in water or in a soap bath. Treat- 
ment with stannous chloride and hydrochloric acid will also remove 
many of these dyes almost completely. Sodium hydrosulfite may also 
be used. Solutions of chloride of lime or sodium hypochlorite are also 
very efficient stripping agents for all classes of colors on cotton. Oxalic 
acid may be used for stripping Logwood, and Indigo is removed by 
treatment with chrome and sulfuric acid as in the case of wool. 
Basic colors are rather easily stripped ; some will lose a large amount 
of color by boiling in a solution of soap, while others may be removed 
with stannous chloride or sodium hydrosulfite. The sulfur dyes may 
be stripped more or less with chloride of lime. Cotton material, such 
as curtains, drapery, etc., which has been dyed with acid colors, may 
generally be stripped satisfactorily by simply boiling in a solution of 
soap, or in a bath containing both soap and soda ash. 

Iron Buff on cotton may be stripped by boiling in a moderately 
strong solution of oxalic acid; khaki shades dyed with chromium and 
iron salts may also be stripped in the same manner. If the latter, how- 
ever, are bottomed with Cachou de Laval or other sulfur dyes, this 
treatment will only remove the metallic color, and the other dyestuff 
must be removed by subsequent bleaching. 

Perhaps the best method for discharging basic colors, however 
well mordanted they may be, is to boil the cotton in a moderately 
strong solution of caustic soda, with or without the addition of soap. 
The same treatment will also decolorize Chrome Yellow and Chrome 
Orange. Slates and drabs obtained from iron salts and tannin are 
easily stripped by a treatment with warm dilute solutions of mineral 
acids, or even oxalic acid. Logwood blacks may be discharged by the 
same treatment down to a light brown. Aniline Black cannot be 
stripped satisfactorily by any reasonable treatment. 

For the stripping of diazotized colors, Bonnet recommends that the 
material be dampened and then dipped in a one-tenth percent solution 
of potassium permanganate, whereby a thin layer of manganese perox- 
ide is precipitated on the fiber; a weak bath of hydrochloric acid (i 
part of acid to 5,000 of water) is then given, which results in the gen- 
eration of a small amount of chlorine in the fiber through the reaction 
between the peroxide of manganese and the hydrochloric acid. The 
chlorine thus generated is said to destroy the color without injuring the 
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terial with chrome, so that it may subsequently be dyed with alizarine 
colors immediately. Care must be had not to have the bath too strong 
with chrome, as the fiber itself may be oxidized, and thereby weak- 
ened in strength and altered in its dyeing properties. 

A solution of sodium hydrosulfite may also be used to good advan- 
tage in the stripping of acid colors, especially on shoddy. Tlie clear 
solution of freshly prepared hydrosulfite may be used in connection 
with a little acetic acid, or in the majority of cases simply a mixture of 
sodium bisulfite and zinc dust is made in the bath which is then 
brought to the boil, and the goods entered and worked until the color 
is sufficiently stripped ; after which the goods are passed through a 
lukewarm bath containing a small quantity of hydrochloric acid for 
the purpose of removing any adhering particles of zinc; the goods are 
finally washed in fresh water. Sodium hydrosulfite and the prepared 
hydrosulfitc-formaldcliyde compounds will strip a great many acid 
colors almost completely, so that the goods will be left almost whited 

Some of the acid dyes may also be partially stripped by the use of 
sodium hisulfilc solutions or sulfurous acid, in the manner practiced 
in the bleaching of wool; but the stripping is only partial, and it is 
difficult to remove the sulfurous acid from the wool, and also the color 
is liable to return after a time. 

Stannous chloride and hydrochloric acid will remove many of the 
acid colors; some of them, in fact, being stripped almost completely. 

Another efficient stripping agent is potassium permanganate fol- 
lowed by a treatment with sodium bisulfite ; almost any class of color 
may be removed to a greater or lesser extent by this method. 

4. Stripping Basic Colors. 

As these dyes are not much used on wool, this condition will sel- 
dom arise. Hot soap solutions will generally remove a considerable 
part of the color; and in the case of some colors, weak acid baths 
may be used to advantage. Treatment with chrome and sulfuric acid 
or with sodium h}drosulfite as outlined above is also a good means of 
removing basic colors. Stannous chloride and hydrochloric acid may 
also 1)0 employed for the removal of basic colors, and in many cases 
is a very good method. 

5. Stripping Alizarine and Mordant Colors. 

These are as a rule rather difficult to strip to any degree of satisfac- 
tion; but the use of chrome and acid will give good results in many 
cases. Sodium hydrosulfite will also decolorize many of these dyes. 
The natural d\cs are more easily stripped than the alizarines; Log- 

well in water and pass through a bath of dilute sulfuric arid till all trace of the chrome has 
been removed Next treat with another bath for 6 houis at 100° F.. and containing lOO 
gallons of water 9 lbs. magnesium sulfate, .and 3)4 lbs of sodium ncroxide, the magnesium 
sulfate being added first in the preparation of the bath. Rinse well and pass into a third 
bath prepared in the same manner as the second, and leave for 8 hours at 100° F. Rinse well 
in w.ater acidulated with snlfunc acid, then 111 a we ik so.ip hath, then in water It is said 
that the shade obtained on rags by this method is quite light and the process docs not injure 

principal compounds of this class that are used as stripping agents are Ilyraldite Z, 
Rongalite, Dccrolinc and Hydrosulfitc NFX, Bunnol and bormosul 



Chapter XXVII. 

Testing of Materials Used in Bleaching; Water. 

1. Water. 

A knowledge of the character of the water employed in the various 
operations of scouring and bleaching is something of considerable im- 
portance to the manufacturer. The qualitative analysis of water for 
purposes of scouring has already been gone over in a brief manner in 
a pre'dous chapter, but the subject will now be taken up in more 
detail.^ 

2. Qualitative Tests. 

The general qualitative analysis of water may be given as follows : 

(/) Free Acid. — Place a sample of the water in a test-tube and add a 
few drops of a solution of lacmoid; if free acid is present the water will 
give a reddish color, d'o observe the color best the test-tube should be held 
over a white surface. 

(j) Free Allcall. — A sample of the water in a test-tube is boiled for 
.several minutes, then hltered and a few drops of phenolphthalein solution 
added. In the presence of tree <ilkali the water will give a pink to reddish 
color. 

(j) Lime Salts.- -Take a sample of the watcT and boil until reduced to 
about one-tenth the original volume. Place .some of this concentrated water 
in a test-tube and add a few drops cacli of solutions of ammonium oxalate and 
ammonium chloride, d'he presence of lime salts will be indicated by the 
formation of a while precipitate. 

(.f) Magnesia Salts.—Tiikc the sample used in the preceding test and 
filter off from the lime precipitate d'o tlie clear filtrate add a few drops each 
of ammonia and sodium phospliate solutions. A crystalline precipitate gradually 
forming will indicate the presence of magnesia. 

(5) Chlorides. — To a sample of water which has been concentrated to 
one-tenth its volume add a few drops each of nitric acid and silver nitrate 
solution. The presence of chlorides will be indicated by the formation of 
a white precipitate. 

(d) Sulfates. — To a sample of the concentrated water add a few drops 
each of hydrochloric acid and barium chloride solution. The presence of 
sulfates will be indicated by the formation of a white precipitate. 

(7) Bicarbonates or Free Carbomc Acid. — d'o a sample of the original 
water add a clear solution of lime water. A cloudiness or white precipitate 
will indicate the presence of bicarbonates. 

1 The following statistical fads concerning water are interesting: The component parts of 
water by weight are oxygen 889, and hydrogen ii.i, and by volume, oxygen i and hydrogen 
2. Water reaches its maximum density at 39 F., and at this temperature, i cubic inch 

weighs 252.0957 grains, i cubic foot weighs 62425 pounds, and i c.c. weighs just i gram, 
or I liter weighs i kilogram. Water is 828 5 times heavier than air; its freezing point is at 
32° F. (0° C.), boiling jinint at sea level is 212“ F. (100® C ), while the temperature taken for 
the standard of specific gravities is 62" F, A cubic foot of ice weighs 57.25 pounds, and 
expands 0.089 = 1/11.24 of its bulk in freezing. One cubic foot of water contains 6.23 Imp. 
gallons, or 7.5 U. S. gallons; or 1728 cubic inches. One Imp. gallon of water contains 
277.274 cubic inches or 10 lbs. One U. S. gallon of water contains 231 cubic inches or 
8.3 lbs. 
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( 8 ) /row.— Take about 100 c.c. of the water and evaporate nearly to dry- 
ness, then add a few drops each of pure hydrochloric acid and nitric acid. 
Then add a few drops of a solution of potassium sulfocyanide when the 
formation of a red color will indicate the presence of iron. If a few drops 
of potassium ferrocyanidc solution are added in place of the potassium sulfo- 
cyanide a blue color will be formed in the presence of iron. 

For textile purposes, the principal characteristics to be detennined 
in the analysis of a sample of water are color, suspended matter, total 
solids, total hardness, temporary hardness, permanent hardness, and 
iron. 

3. Color. 

For textile purposes, the color of a water, as a rule, has little in- 
fluence on its utility, as under ordinary conditions this would not be 
sufficiently marked. In some waters that run throufi^h peaty districts 
a brownish or yellowish color is often apparent which may at times 
be sufficient to make the water undesirable for washin^-off in final 
bleaching-, but for scouring purposes it has but little inlluence. Color 
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in water due to suspended matter is not to be considered as color of the 
water, for if a water has much color due to this cause, it would have 
sufficient suspended solid matter as to be unsuitable for use, and when 
the suspended matter is removed the color will also disappear. There 
is no standard of comparison for the color of water, and consequently 
it is difficult to give it a quantitative value. One of the best methods, 
perhaps, is to obtain the color value of a definite thickness of water in 
terms of a Lovibund or ITess-Ives tintometer, and give the total num- 
ber of units of standard color glasses employed as the numerical value 
for the color of the water. To illustrate this method the following 
example is given: 

Example . — A tube 10 ins. long was filled with distilled water and placed 
in one side of a Lovibund tintometer; its color was matched with the tinto- 
meter glasses in the other side of the instrument, giving 0.6 unit of color. 
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A sample of water for analysis was then substituted for the distilled water, and 
it required 8.25 color units in the tintometer. Hence, the quantitative color 
value of this sample of water referred to distilled water as unity, was 
8.25 0.6 = 13.7.* 

4. Suspended Matter. 

River, or surface water in e^eneral, is liable to contain a consider- 
able amount of suspended matter, thoiij^h this amount may vary within 
lar^e limits from time to time. Well water usually contains but a 
small amount, if any suspended matter. If tbe amount of suspended 
matter is quite appreciable, the water should be properly filtered or 
settled before use. The amount of suspended matter is readily de- 
termined by filtering one liter of the water through a tared filter, drying 
at 100° C. and re weighing. 

Examplr . — A filter paper, dried in a weiKhinq bottle in an air oven, wcij^died 
0685 qm. After filterini? one liter of water to he tested through this paper, 
it was aqain dried in the weighing bottle at 100° C., and weiqlied 0.766 qm. 
Hence, tlie amount of suspended matter per liter in this water was 0.091 gm. 
or 91 parts per million. 


5. Total Solids. 

Tliis includes both suspended matter and dissolved solids, and may 
be determined by boiling down one liter of the water in a large evapo- 
rating dish to a volume of about so c.c., then transferring this to a 
smaller porcelain or platinum crucible of known wciglit, and continu- 
ing the evaporation to complete drync^^s on a water bath and finally 
heating for a few minutes in an air oven at tto° C. The cmcible is 
weighed again, and the increase in weight corresponds to the amount 
of solid matter ])er liter. By taking the difference between this amount 
and the figure for suspended matter, the amount of dissolved solids 
will be obtained. 

Example — One liter of water (same as taken for the preceding example) 
was placed in a porcelain dish and evaporated on a sand bath until only 
about 50 c.c. remained. This residue was transferred to a porcelain crucible 
weighing 25.762 gms. (A small amount of dried residue in the dish was 
washed into the crucible with a little distilled water.) The evaporation was 
continued to dryness on a water bath, and then the residue was heated in an 
air oven at no® C. for to minutes. On cooling and reweighing, the result 
gave 25.977 Srns. Hence, the total solids in this sample of water were 0.215 Pro- 
per liter. As the suspended matter amounted to o.oqt gm , the amount of dis- 
solved solids is 0.124 gm. per liter, or 124 parts per million. 

* Olsen (Quant. Anal, p 382) gives the following method for the determination of color 
in water: The color is measured by a comparison with the color of a solution of platinum 
and cobalt salts, and is expressed in parts of platinum per million. A standard solution which 
has a color of 500 is made by dissolving 1.246 gms. of potassium platinic chloride (PtCU.aKCl), 
containing o', gm. of platinum, and i gm of crystallized cobaltous chloride (C0CI2.6H2O) . 
containing 0.25 gm of cobalt in water, witb 100 cc. of concentrated hydrochloric acid, and 
making up to i liter with distilled water. By diluting this solution standards are prepared 
having colors of 0, 5, 10. it^, 20. 2s, 3^, 35 , 50.. 60. 70 parts per million. These are kept 

in 100 cc, Nessler jars of such diameter that the liquid has a depth of 20 to 2S cm. and is 
protected from dust The color of .a sample is observed by filling similar tube and comparing 
It with the standards. The observation is made by looking vertically downwards through the 
tubes upon a white surface placid at such an angle that the light is reflected upwards through 
the column of liquid. The reading is recorded to the nearest unit Waters that have a color 
darker than 70 are diluted before making tbe comparison, in order that no difficulties may 
be encountered in matching the hues. Water containing matter in suspension is filtered 
until no visible turbidity remains. 
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6. Total Hardness. 

This is really a measure of the soap-destroying power of a water, 
and is caused by the mineral matter present combining with the soap 



Fig. 297. — Hcss-Ives Tint Photometer with Cabinet and Daylight Lamp. 

to form an insoluble compound. It is to be expressed quantitatively 
in terms of milligrams of lime (CaO) per liter, which is equivalent 
to parts per million. Although all of the hardness may not be caused 
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by the presence of lime, as magnesium, aluminium, or other metallic 
salts may be present, yet for purposes of uniformity and convenience, 
the hardness is reckoned in this manner. A very convenient and prac- 
tical method for determining the hardness of water is by the use of a 
standard soap solution. The method is carried out as follows; It is 
first necessary to prepare a standard hard water; this is done by dis- 
solving 1.8 gms. of pure calcium carbonate in the least quantity of 
hydrochloric acid, evaporating to dryness to expel any excess of acid, 
and then dissolving the residual calcium chloride in water and diluting 
the solution to looo c.c. This solution will represent i gm. of lime 
(CaO) per liter. The soap solution is prepared by dissolving 20 gms. 
of pure soap in 500 c.c. alcohol and (liluting to i liter with water.^ 
This soap solution is then standardized by placing 10 c.c. of the stand- 
ard hard water in a small fiask togetlier with 90 c.c. of distilled water. 
The soap solution is placed in a burette, and gradually added to the 
hard water. After each addition of the soap solution the flask is well 
shaken and when a permanent lather (one lasting 5 minutes) is ob- 
tained, the amount of soap solution added is noted.'^ This titration is 
then repeated in the same manner with 100 c.c. of distilled water in 
place of the hard water, and the amount of soap solution required to 
produce a permanent lather is again noted. The latter number is 
subtracted from the former,® and the remainder indicates the amount 
of soap solution necessary to neutralize 0.0 ro gm. This latter figure 
divided by tlic number of c.c. of soap solution used will give the quan- 
tity of lime which one c.c. of the soap solution will neutralize. Having 
thus standardized the soap solution, the hardness of any sample of 
water may be determined by titrating 100 c.c. with the soap solution as 
above described.® 


Example . — The soap solution prepared as above required ti.6 c.c. to 

neutralize 10 c.c. of the standard hard water and 2.2 c.c. to neutralize 100 c c. 
distilled water. Hence, 9.4 c.c. of the soap solution were equivalent to 0.010 gm. 
of lime, or i c.c. was equivalent to 0.00106 gm. of lime. A sample of water 
for analysis required 6.6 c.c. of the soap solution to neutralize 100 c.c.; hence, 

® Nelson (Clirm. NeW!, Sept. 13, iRRp) ^ives the followinj? tnctlKul for the prep.iratlon 
of a standard soap solution* i gm of pure palmitic acid is dissolved in a small volume 
of pure alcohol, and neutralized with 4 c.c. of normal caustic soda solution This volume 

of soda solution is equivalent to 4 x 50 mgms. calcium carbonate, therefore it is diluted 

to 200 C.C., adding suflicient alcohol so that its percentage in the standard solution 

amounts to 3s. 

* Buchner {Chem. Zeit., Dec., 1802) points out the fact that it is important, in order 
to obtain constant results, to keep the solutions during the titration at about 15° Cl*, 
a bather which will remain for s minutes at this temperature will disanjicar in less than 

I minute at a temperature of 2'*,° C. In the determination of hardness of water in 

summer this point should be borne in mind. 

® It is perhaps more accur.atc, instead of subtracting this figure for distilled water from 
that of the standard hard water, to make note of it and subtract each time a hard water is 
tested; in winch case the standardization of the soap solution would be ctlected by simply 
dividing tlic number of c c of soap solution used m the titi.ition into c.oio gm , whidi 

would give the value in terms of lime of each c.c. of the soap solution For soap 

solution which is practically equivalent in strength to the above lime solution, it is the 

custom to allow 1 c.c. of the former as a correction for neutralizing too c.c. of distilled 

soap test method of determining the hardness of water is not adapted for use 
in the presence of much magnesia; although as a measure of the soap-destroying power 
of the water it is always suitable When the hardness of water is desired for other 
purposes than with reference to the soap destroying power, this method e.an only give 
approximate results, and in some cases, even, the results may be quite misleading. 
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its hardness was 0.067 gm. per liter, or 67 parts per million. This method of 
aetermining the hardness may have many theoretical flaws, but it affords a 
quick and practical test which represents the soap-destroying power of the 
water with considerable accuracy/ 


The manner of representing the degrees of hardness of water 
varies somewhat in different countries, as follows: 




English scale, = i grain calcium carbonate (CaCOJ per gallon 
of water ^ = i part in 70,000. 

German scale, 1° ~ i part lime (CaO) per 100,000 parts of water. 
French scale, i® ~ 1 part of calcium carbonate (CaCOy) per 
100,000 parts of water. 

The relation between these various scales is shown as follows : 


When a water is so hard as to require a greater amount of soap solution for loo c.c. 
ot the water than suffices to neutralize 23 nigm. of lime, better results are obtained by 
diluting the water with an equal bulk (or more if necessary) of pure water, inasmuch 
as too heavy a precipitate of calcium soap appears to interfere with the proper lathering. 
Of course, the influence of the additional quantity of water must be allowed for (Mason, 
Jixamination of Water). 

“This 13 known as the “Clark scale,” and is still in use in England; each degree corre- 
sponds to one grain of calcium carbonate per imperial gallon of water, or one part in 
seventy thousand. Water is considered soft when below 6 degrees of hardness. 
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English 

German 

French 

English 

German 

French 

0.62 

0.50 

0.90 

6.25 

5. 

8.95 

0.70 

0.56 

1. 00 

7.50 

6. 

10.74 

1. 00 

0.80 

143 

8.75 

7. 

12.55 

1.25 

1. 00 

1.79 

10.00 

8. 

14.30 

2.50 

2.00 

3.58 

11.25 

9. 

16.08 

375 

3.00 

5-37 

12.50 

10. 

17.90 

5.00 

4.00 

7.17 





By multiplying the degrees in the German scale by lo the degrees in 
milligrams of calcium carbonate per liter or parts per million will be 
obtained.® 

The more modern method (at least in America) of expressing 
hardness is in milligrams per liter, corresponding to parts per million. 

A modification of the soap method of determining the hardness, is 
given as follows: 0.523 gm. of pure crystalli/cd barium chloride 
(BaCl2.2H20) is dissolved in water, and the solution made up to 1000 
c.c. The quantity of barium chloride contained in 100 c.c. of this 
solution corresponds to 12" (Gcr.) of hardness. The soap solution is 
prepared as above described. Then 100 c.c. of the barium chloride 
solution are placed in a flask and titrated with the soap solution, and 
the latter is suitably diluted with alcohol (56 percent) so that 45 c.c. 
exactly correspond with 100 c.c. of the barium chloride solution. Next, 
100 c.c. of the water to be tested is titrated with the corrected soap 
solution, and the Hardness of the water (which is not proportional to 
the amount of soap solution used) is obtained by reference to the fol- 
lowing table: 

1 AIU 1. I 


Soap solution 
c.c. 

Hardness 

degrees 

(German) 

Soap solution 

c.c. 

Hardness 
degrees ; 
(German) 

Soap solution 

c.c. 

Hardness 

degrees 

(German). 

34 

0.5 

18.9 

4 5 

34.7 

8.9 

4.2 

0.7 

197 

4.7 

35.3 

94 

5.0 

0.9 

20.4 

4.9 

39.0 

9.3 

5.8 

1. 1 

21.2 

5-1 

36.7 

9.5 

6.6 

1.3 

21.9 

5.3 

374 

9.7 

74 

1.5 

22.6 

5-5 

38.1 

9-9 

8.2 

1.7 

23-3 

5.7 

38.4 

1 0.0 

9.0 

1.9 

24.0 

5-9 

38.7 

lO.I 

9.8 

2.1 

24.8 

6.1 

394 

10.3 

10.5 

23 

25.5 

b .3 

40.1 

10.5 

11.3 

2.5 

26.2 

6.5 

40.8 

10.7 

12.1 

2,7 

26.9 

6.7 

41.5 

10.9 

12.8 

2.9 

27.6 

6.9 

42.1 

ii.i 

13.6 

3-1 

2H4 

74 

42.4 

1T.2 

14.3 

3.3 

29.1 

7.3 

42.8 

1 1.3 

15.1 

3.5 

29.8 

7.5 

434 

114 

15.9 

3.7 

30.5 

7.7 

434 

1 1-5 

16.6 

3.9 

31.2 

7-9 

43.7 

1 1.6 

174 

4.1 

31.9 

8.1 

44.0 


17.8 

4.2 

32.6 

8.3 

44.4 

1 1.8 

18. 1 

4.3 

33.3 

8.5 

44-7 

1 1.9 

18.5 

44 

34.0 

8.7 

45-0 

12.0 


• Water is said to be hard when it contains more than lo parts of mineral matter per 
100,000; or more than 7 grains per gallon, or loo parts per million (p. p. m.). A water 
of satisfactory softness tor bleaching should contain less than 50 p. p. m. of hardness. 
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Table II 


Soap solution 
c.c. 

] 9 cgrces of 
Hardness 

Difference 

Soap solution 
c.c. 

Degrees of 

1 Hardness 

1 

Difference 

1.4 

0“ 


24 

5.87 

0.28 

2 

0.15 

0.2s 

25 

6.1S 

0.28 

3 

0.40 

025 

26 

643 

0.28 

4 

0.65 

0.25 

27 

6.71 

0.28 

5 

0.90 

0.2s 

28 

6.99 

0.28 

6 

1.15 

0.25 

29 

7.27 

0.28 

7 

T.4U 

025 

30 

7-55 

0.28 

8 

1.65 

0.25 

31 

7.85 

0 29 


i.ty) 

0.26 

32 

8.12 

0.29 

10 

2.t6 

0.26 

33 

8.41 

0.29 

i \ 

242 

0.26 

34 

8.70 

0.29 

12 

2.(>S 

0.26 

35 

8.99 

0 29 

13 

2.94 

0.26 

3b 

9.28 

0.29 

14 

3.20 

026 

37 

9 57 

0.30 

15 

34b 

0.26 

38 

9.87 

0.30 

lO 

372 

0.26 

39 

10.17 

0.30 

17 

3-98 

0.27 

40 

10.47 

0.30 

18 

4.25 

0.27 

41 

10.77 

0.30 

19 

4-52 

0.27 

42 

11.07 

0.31 

20 

479 

0.27 

43 

11.38 

0.31 

21 

5.06 

0.27 

44 

11.69 

0.31 

22 

5.33 

0.27 

45 

1200 


23 

5. 90 

0 27 


1 



Another iiietliod of condnctiiij^ the lest for hardness is to prepare a 
standard ^’ard water by using just i gin. of caleiuin earbonate, dis- 
solving in hrdroehloric acid, evaporating to dryness, and diluting to i 
liter as befoic described. The soap solution is then so prepared that i 
c.c. will neutralize just i milligram of calcium carbonate. To deter- 
mine the hardness in parts of calcium carbonate per 100,000 it is then 
necessary to use 100 c.c. of the water for analysis; if the result is to be 
in grains per English gallon, 70 c.c. of the water arc taken and if in 
grains per U. S. gallon 58.3 c.c. are taken. In some cases, when using 
a soap solution so that i c.c. corresponds to i milligram of calcium 
carbonate, it is customary to deduct i c.c. from the reading for cor- 
rection due to amount of soap solution required to produce a lather 
with distilled water, and using the remainder for calculating the de- 
grees of hardness.^® 

7. Temporary and Permanent Hardness. 

The permanent hardness of water, due to dissolved sulfates or 
chlorides of the metals, is determined in the same manner as above de- 
scribed, only the sample of water being tested is boiled before its hard- 

Gasslin recommends the following method for the determination of total lime in 
water: 50 c.c. of a ccntinormal soluiion of oxalic acid and two drops of ammonia are 
added to 50 c.c. of the water under examination. The mixture is well shaken^ and after 
10 minutes, is filtered, and the amount of oxalic acid remaining in the filtrate is estimated 
hy titration with a ccntinormal solution of pota'.Mum permanganate The dillcrencc between 
this latter number and the 50 c.c. of oxalic oiiginally added gives the number of c.c. of 
ccntinormal oxalic <icid neutialized by the lime in the water. Kath c.c. of ccntinormal 
oxalic acid solution is equivalent to 0.00028 gra. of lime, CaO. 
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ness is determined. In the operation of boiling the temporary hard- 
ness, due to dissolved bicarbonates of the metals, is destroyed, leaving 
only the permanent hardness remaining; so that by taking the differ- 
ence between the total and the permanent hardness the temporary 
hardness is obtained. The test is carried out as follows: lOO c.c. of 
the water to be examined are boiled vigorously for ten minutes, then 
allowed to cool, and the volume made up again to lOO c.c. by the addi- 
tion of distilled water; it is then titrated with the soap solution as 
previously described. 

Example . — A sample of the water employed for analysis in the previous 
example, on treatment as above described, required 5.1 c.c. of soap solution 
to neutralize the hardness m 100 c c. after boiling. As each c.c. of the soap 
solution is equivalent to 0.00106 gm. of lime, the permanent hardness in this 
case would be 54 parts per million, and as the total hardness was 67, the 
temporary hardness would be 13 parts per million. 

Another method for the determination of hardness in water is by 
titration with standard acid (Hchner’s method). The method is con- 
ducted as follows: 100 c.c. of the water to be analyzed are placed in a 
flask, a few drops of Methyl Orange are added, and then i/50-normal 
sulfuric acid is added from a burette until the color of the water 
changes from a yellow to a reddish tint. Each c.c. of acid required 
corresponds to 0.001 gm. of calcium carbonate or to 0.00056 gm. of 
lime. This measures the temporary hardness. To determine the 
permanent hardness, to 100 c.c. of the water there are added 50 c.c. 
of a i/50-normal sodium carbonate solution, and the mixture is boiled 
for about 30 minutes (if magnesium salts are present, it will be neces- 
sary to evaporate to dryness and take uj) the residue with water). Fil- 
ter, and make up the filtrate to 100 c.c. Titrate this with i/50-normal 
acid as before using Methyl Orange as an indicator. The acid is used 
up in neutralizing the excess of sodium carbonate beyond that needed 
to precipitate the sulfates or chlorides of the metals; as each c.c. of 
acid is equivalent to one c.c. of sodium carbonate, by taking the differ- 
ence between the original 50 c.c. of sodium carbonate solution added 
and the number of c.c. of acid used, we will have the number of c.c. 
of sodium carbonate required to precipitate the metallic salts in the 
water. Each c.c. of .sodium carbonate thus used will correspond to 
0.001 gm. of calcium carbonate or 0.00056 gm. of lime.^“ 

” In usinjf Hchner’s method for determining the temporary hardness c£ water by 
titration with 1/50 normal acid and with Methyl Orange as an indicator, it must be borne 

in mind that a certain small quantity of acid is required to effect the change of color 

in the indicator, and when such dilute solutions are being operated on, this m.ay bring quite a 
large error into the results. The necessary correction to use may be discovered by titrating 
a sample of distilled water to which the same number of drops of Methyl Orange are 
added as are employed in the water being tested, .and noting the quantity 01 acid required 
to give a reddish color The sample of hard water should be titrated until its color just 

matches that in the distilled water, and the amount of acid required for the latter is 

deducted as a correction from the volume of acid used in the titration of the hard water. 

According to Teed {Jour. Soc. Chem. Ind,, 1889, p. 2'i6), each equivalent of lime m 
hard water destroys one and one-third molecular equivalents of soap (as sodium oleate), 
while one equivalent of magnesia destroys one and one half eipiivalcnts of soap. On tins 
basis, one molecule of calcium sulfate will neutralize two and two-thirds molecules of_ soap, 
or one molecule of magnesium sulf.ate will neutralize three molecules of soap. Due to this fact 
the soap method for determining the hardness of water gives a more practical result foe 
the use of water in scouring and bleaching, than the determination of the hardness by 
titration with acid. According to Richardson {Jour. Soc, Dyers & Col., 1893, p. 194) 
molecule of calcium as chloride will destroy 2.8 molcculc.s of soap as oleate, and one 
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Example . — lOO c.c. of a sample of water on titration with Vw-nornial sul- 
furic acid, required 6 c.c. of acid for neutralization, which is equivalent to 
34 parts of lime per million as temporary hardness; loo c.c. of the 
water boiled with 50 c.c. of Voo-normal sodium carbonate solution and filtered, 
on titration with Voo-normal sulfuric acid, required 46.7 cc. for neutralization; 
hence, 3.3 c.c. of Vw-normal sodium carbonate were used up in precipitating 
the metallic salts, which corresponds to 18.4 parts of lime per million as 
permanent hardness. The total hardness of tliis water would consequently be 
52.4 p. p. m. of lime. 

Instead of using Methyl Orange as the indicator, it is said that 
more accurate results are obtained employing a drop of a mixture of i 
gm. of pure alizarine paste in 200 c.c. of water. The change in color 
of this indicator is from violet in alkaline solution to yellow in neutral 
or acid solution. Unfortunately the indicator is affected by carbonic 
acid, and consequently, the titration must be finished at the boil. The 
titration is carried out with i/io-normal hydrochloric acid in a porce- 
lain basin, the acid being added in the cold until the color of the indi- 
cator changes to yellow, when the liquid is boiled and the violet color 
will return owing to the escape of carbonic acid gas ; another drop of 
acid is added, and so on until no further change takes place. 

In the preceding methods for determining the hardness of water no 
distinction is drawn between that caused by lime salts and that due to 
salts of magnesia. In order to be able to prescribe satisfactorily just 
what additions should be made to the water for the correction of the 
hardness, it is sometimes de.sirable to know the proportion of hardness 
due to magnesia. The amount of magnesia in a hard water may be 
determined as follows : 100 c.c. of the water are neutralized with i/io- 
normal h; rlrochloric acid in the presence of alizarine indicator in boil- 
ing solutioii . 25 c.c. of clear lime-water arc measured into a 200 c.c. flask 
and the hot neutralized hard water is also added, and the whole made 
up to somewhat over the mark (to allow for ccmtraction in cooling) 
with hot distilled water. The flask is stoppered and well shaken, and 
then set aside to cool and settle. When the licpiid is completely clear, 
pipette off 100 c.c. and titrate back with i/io-normal acid with phe- 
nol])hthalein indicator. Then titrate an ecinivalent amount of lime- 
water (12.5 C.C.), Deduct the amount of acid re([uired for the mix- 
ture of lime-water and the hard water from that em])loycd for the 
lime-water alone, and multiply the difference by 5, which will give the 
hardness due to magnesia in terms of calcium carbonate per 100,000. 
From this, the actual magnesia may be calculated by multiplying by 

molecule of magnesium as sulfate would require 4 2 mnlceules of snap 'Chese figures arc 
considerably higher than those of Teed ^ivcn above; but Richardson has also found that these 
ratios change with the ratio of the saline constituents present in the water, and the degree 
of dilution and temia ratui e, the gicater the proportion of inagncsunn sullato to the soap, with 
the same volume of water, the fewer is the number of soap molecules decomposed. Allen 
(Jour. Soc. Chern. Ind., 1888, p 797) has also found that a water containing both lime and 
magnesia does not destroy as much soap as the same amounts of lime and magnesia would 
do separately. Another i>oint of interest in this same connection is that in the determination 
of temporary hardness it is presumed that calcium carbonate is totally insoluble in water free 
from carbonic acid gas; but this is not quite true, for Fresenius has given the solubility of 
calcium carbon.ate in water as about 2.5 grams per gallon lienee in determining the 
temporary hardness in terms of calcium carbonate, about 2 S degrees (if figured in grains 
per gallon) should be added to the result as generally found. From this it may be seen 
that a.s grains jicr gallon of lime hardness may be due to carbon.ate. and in the same manner 
about 6 grains per gallon of magnesium permanent hardness may be due to carbonate, this 
being the amount of magnesium carbomate soluble. 
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the factor 0.24 for Mg, or by 0.4 for MgO. The principle of the 
method is that the lime-water precipitates the magnesia salts, but has 
no effect on the lime salts. 

In order to calculate out the quantities of lime and soda ash neces- 
sary to add to a hard water (expressed in German degrees of hard- 
ness) for purposes of softening, the following formulas may be used: 

Let T = temporary hardness 
P = permanent hardness 
M = hardness due to magnesia 
Then, 5.6 x (T + M) = amount of lime (CaO) required; 

10.6 X P — amount of soda ash required, 
or, 28.6 X P = amount of soda crystals required. 

If only the temporary hardness is to be corrected by the addition 
of lime, the quantity required is: 

5.6 X (T + H - P) 

if M is larger than P, but if not, only the temporary hardness need be 
taken into account. 

For softening with caustic soda and soda ash, we have: 

8 X (T-f-M) — amount of caustic soda required. 

10.6 X — (T -j- M) = amount of soda ash required. 

In waters containing free dissolved carbon dioxide gas (in addition 
to that present as temporary hardness), the amount may be determined 
as follows 100 c.c. of the water are slowly titrated with i/io-nor- 
mal sodium carbonate solution with phenolphihalein until a permanent 
pink color is obtained. The number of c.c. used multiplied by the 
factor 2.2 gives the parts of carbon dioxide, CO2, per 100,000; or 
multiplying by the factor 2.8 will give the amount of lime, CaO, re- 
quired to remove it. 

McGill gives the following formulas for use in water analysis, 
based on milligrams per liter or parts per million : 

Let 7; — c.c. of Vio-normal hydrochloric acid used in titrating 100 c.c. of 
the sample with phenolphthalein as indicator; 

— c.c. of Vio-normal hydrochloric acid used in finishing the above 
titration with Methyl Orange as indicator; 

H — total hardness, obtained as follows: after finishing the titration 
of TOO c c. of the water with Vio-normal hydrochloric acid and Methyl Orange, 
25 c.c. of a Vw-normal “soda-reagent” (in which one-half the soda is present 
as carbonate and one-half as hydrate) are added and the liquid boiled ; it 
is then cooled and made up to 200 c.c., filtered, and 100 c.c. of the filtrate 
are titrated back with Vw-normal hydrochloric acid. Let — c c. of tlie 
“Soda-reagent” used, and r* — cc. of Vw-normal hydrochloric acid used in 
the back titration; 

Hp — permanent hardness, obtained by titrating 100 c.c. of the sample 
till neutral to phenolphthalein, then adding 25 c.c. of the “soda-reagent,” boiling 
a few minutes. Then cool, make up to 200 c.c., filter, draw out 100 c.c. and 
titrate back with Vw-normal hydrochloric acid. Let Q* — c.c. of the “soda- 
reagent” used, and P = c.c. of hydrochloric acid used in back titration; then 
the following formulas may be deduced: 

For the determination of free carbonic acid in a water, Vignon recommends a titration 
with a standard solution of calcium hydrate, vising phenolphthalein as the indicator. It 
claimed that by this method the carbonic acid may be estimated rapidly and with great 
accuracy. 
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Carbon dioxide (COa) in monocarbonate ~22v. 

Carbon dioxide (COa) in bicarbonate —44W. 

Total combined carbon dioxide = 22{v-\-2iv). 

“Alkalinity" A —28 {iv + v). 

Total hardness ~ H ^ 28 — 2r^). 

Permanent hardness = Hp — 28 (Q^—2r^), 

True temporary hardness ~ Ht — H — Hp. 

Where “alkalinity" exceeds the true temporary hardness, it is due to 
presence of sodium carbonate, 

Sodium carbonate (naturally present) = — 

28 

“Causticity," or alkalinity to phenolphthalein, a^28v. 

To determine the amount of lime (CaO), take 250 c.c. of the sample, 
add an excess of ammonium oxalate solution, filter off the precipitated cal- 
cium oxalate, wash with hot water, dissolve from filter in sulfuric acid, heat, 
and titrate with Vio-normal potassium permanganate solution. Let k = c.c. of 
potassium permanganate used, then 

Lime, (CaO) — 11.2k. 

8. Iron. 

As the presence of iron in water is especially deleterious when the 
water is to be employed for purposes of dyeing and bleaching, it is 
desirable to have an accurate and rapid method for the determination 
of small quantities of iron in water. As a rule the amount of iron 
actually present in any sample of water is relatively very small, and 
in most cases a quantitative analysis is not necessary. To determine 
the presence of iron in water, take about 100 c.c. of the sample and 
evaporate it down in a porcelain dish to about 10 c.c.; then add a few 
drops of a solution of potassium sulfocyanide to a portion of this 
residue. Jt the water remains clear, no iron is present, but if a red- 
dish color IS produced, then iron is indicated. To the remaining por- 
tion of the water, add a few drops of a solution of potassium ferro- 
cyanide, and if a bluish color is produced the presence of iron is also 
indicated. In carrying out these tests care should be exercised that 
no trace of iron gets into the water while it is being evaporated down ; 
it is well to cover the evaporating dish with a large watch glass. This 
test may be made quantitative, by starting with just too c.c. of the 
water, evaporating to about 10 c.c., adding a definite number of drops 
of potassium sulfocyanide solution, and putting the water in a long 
test-tube held against a white background. By using other similar test 
tubes containing definite amounts of ferric chloride in solution, and 
to which have been added the same number of drops of potassium 
sulfocyanide solution as to the sample, a comparison may be obtained 
until an iron solution giving the same depth of color as the sample 
is reached, when the actual amount in the sample may then be known. 

9. Interpretation of Water Analyses. 

As to the interpretation to be placed upon the results of the analysis 
of any sample of water, it may be said that if the hardness is below 50 
part', per million, the water may be considered soft, whereas, if it 

’* Lunge and Keller, Zeit. ang. Client., i8g6, p. 3, and Seyda, Client. Zeitung, 1896, p. 1086. 
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reaches to 150 parts the sample must be regarded as quite hard. The 
following fable represents the average hardness (in terms of calcium 
carbonate) of a large number of samples of the waters specified: 


P. p. m. 

Rain water 3 

Upland surface water . . 54 

Deep well water 250 

Spring water 185 


It will be seen from this that river water, as a rule, is much softer 
than spring or well waters, even though it may contain a much greater 
amount of suspended solids. This is due to the fact, of course, that 
river water is mostly derived from the surface of the earth, and not 
having percolated through the ground, as would be tlie case with well 
or spring water, it has dissolved less mineral matter. On the other 
hand, well and spring waters arc usually much clearer than river 
watei, hence it may be readily understood that the appearance of a 
water is no criterion as to its degree of hardness, which can only be de- 
termined by actual analysis. 

Leed’s standard of hardness for AinciKan rivets is so for soft and 150 for hard, ex- 
pressed in p. p. ni. 



Chapter XXVIII. 

Testing of Materials Used in Bleaching; Alkalies. 

I. Alkalies. 

As alkalies are very largely employed as detergents for wool, care- 
ful consideration should be given to the character of the.se bodies enter- 
ing into the composition of the scouring bath, for it has already been 
pointed out that the chief cause for the deterioration of the wool fiber, 
which may be brought about by the process of scouring, lies in the 
improper use of the alkali, l^or this reason, the nature and properties 
of the various alkalies employed in scouring should be thoroughly 
understood if it is desired that the opeiation should be intelligently 
conducted. 

In its chemical sense an ‘kilkali” means a strong base, and for all 
practical purposes the alkalies in common use may be taken as the 
liydroxides of potassium, sodium and ammonium, together with the 
carbonates of tliesc same elements; in addition to these, calcium hy- 
droxide, or quicklime, is also considered as an alkali. In their general 
action ad’alies arc corrosive, and especially is this true of the alkaline 
hydroxides, from which fact these latter are usually distinguished as 
the “caustic’’ alkalies. For instance, the hydroxides of potassium and 
sodium are known respectively as caustic ])o(ash and caustic soda, and 
calcium hydroxide is known as caustic lime. The alkaline carbonates 
are much milder in their general chemical action than the correspond- 
ing hydroxides, and are usually spoken of as “soda” and “potash,” 
meaning sodium carbonate and potassium carbonate respectively, 
llotli ammonium hydroxide and carbonate are volatile, hence these 
bodies are known as the “volatile” alkalies in contradistinction to the 
compounds of sodium and potassium, which are known as the “fixed” 
alkalies. 

As already mentioned, hint (stale urine) waas once largely em- 
t)lo\ed for the purpose of scouring wool, and excellent results are said 
to have been obtained by its use, the cleansing being thorough and the 
good qualities of the fiber being left unimpaired. The detergent quali- 
ties of lant are due to the ammonium carbonate which it contains in 
considerable amount. This ammonium carbonate is produced in the 
decomposition of the nitrogenous matter originally present in the 
urine, such decomjiosition probably taking place through the agency of 
fermentation. If it were not for the disagreeable features of lant, it 
might still be employed effectively for the scouring of wool, but it is 
liable to cause a discoloration of the fiber and also leaves the material 
with an unpleasant odor which is difficult to completely eliminate. 
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Many scouring compounds on the market contain a small quantity 
of ammonium sulfate in admixture with soda ash, so that when the 
compound is dissolved in water it will evolve a copious odor of am- 
monia and lead the user to imagine the preparation in question con- 
tains a large amount of ammonium carbonate. In order to prevent the 
gradual decomposition of the ainmonium salt by the soda ash before 
being used, the particles arc covered with a protecting medium consist- 
ing of a paraffin oil, size, or wax, and the preparation so made is in- 
corporated with the soap powder or other material used. Under the 
best conditions, however, these preparations gradually lose their ain- 
moniacal constituent. 

Sodium silicate (solul)le glass), borax, and other alkaline salts are 
at times employed for scouring, or at least in conjunction with other 
scouring agents. They are rather mild in their scouring action, and at 
times the exact reason for their use is not vei*y apparent. Soluble 
glass is frequently added to soap as a filling or weighting material, 
giving a product which may contain a very high percentage of water, 
and yet appear hard and dry. Its use in this connection is not a legiti- 
mate one and such soaps should be rejected as impure.^ 

The addition of certain mineral oils to the soap or other scouring 
liquors has been suggested, and under certain conditions their use may 
be productive of good results, due, no doubt, to their great solvent 
action on the wool fat. Unless their use is carefully understood, how- 
ever, it will be found difficult to remove such oils from the fiber com- 
pletely, and subsequent stains may be the result. Due to the fact, how- 
ever, that most of these oils are more or less volatile, the last traces of 
them may usually be removed by careful drying, though this procedure 
is not always convenient where the material is to be dyed immediately 
after scouring. 

In former limes the bark of a tree known as qnillaia was used 
quite extensively as a detergent in wool scouring. It derives its name 
from the Chilian word ^^quilloanS meaning to wash, and is obtained 
from a tree belonging to the Rosaccce, growing in several South Ameri- 
can countries. The principal species of which use is made is the R. 
saponaria, a white flowering tree growing to a height of 50 or 60 feet. 
The infusion of the bark is also used as a hair tonic. The useful in- 
gredients of the bark, as far as scouring is considered, are two in num- 
ber. The principal one is saponine, C^oIT.^Ois, is also known as sene- 
gin, a glucosidc of sapogenine. Saponine may be obtained from the 
bark by extraction with boiling alcohol. It has great lathering and 
cleansing power, and also readily emulsifies oils; in this latter effect it 
is assisted by pectin, the second constituent of the quillaia bark. The 

* Sodium silicate (soluble glass) has appaicntly some advocates among wool scourers; 
it is said to be much cheaper than soap, and possesses the property of readily emulsifying 
fatty matters without injuring the wool fiber. When eniployed for wool scouring, however, the 
sodium silicate should be free from caustic soda, the solution should be dilute, and the 
temperature should not be very elevated. According to the conceria italiana, the following 
method is employed in practice- 2 5 kilos, of sodium silicate is dissolved in 100 liters n> 
water and heated to 50“ C. The wool is scoured in this bath for 10 to 12 minutes, then 
washed for 20 minutes in a second bath heated to 35 to 40“ C. and containing i part of 
sodium silicate to each 100 p.arts of wool. The wool is finally washed well in cold water 
It is said that the cost of scouring with sodium silicate is only 40 percent of that when 
soap is used, but this is to be strongly doubted. 
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detergent action of qiiillaia, however, is distinctly inferior to soap. 
For washing purposes the clear solution obtained by macerating the 
crushed bark in cold soft water is used. 

The following process is given for the use of quillaia bark or sap- 
onine extract in scouring: 150 grams of finely chipped bark arc boiled 
with 600 liters of water containing 5 to 7 kilos, of formaldehyde solu- 
tion and sufficient sulfuric acid to give an acid reaction, dlie licpior 
filtered from the bark is then boiled in a steam-jacketed vessel to the 
consistency of a syrup, after which it is allowed to stand for about \2 
hours to allow the calcium sulfate present to settle. The latter is re- 
moved, and the extract may then be evaporated to dryness with con- 
stant stirring. The dry mass so obtained is ])ulverized, and the sapo- 
nine so produced is of a yellowish gray color, and dissolves in water to 
a clear solution of a soapy feel and consistency.- 

Tnfusions of other plants such as the marsh-mallow, comfrey and 
quince, also possess saponaceous (jualities, but not to the same extent 
as quillaia bark. 

Infusions of other plants, such as the marsh-mallow, comfrey and 
is not precipitated cither by alcohol or by ether. The infusions of 
other i)lants which might be stibsliluted for quillaia differ from it in as' 
much as they do not reduce ]''chling’s solution, so that this test may 
be taken as a means of guarding against fraudulent substitution. 
Genuine quillaia bark is also very heavy and will sink in water. A 
determination of the amount of ash contained in a samt)le will also 
show at once any adulteration, as genuine quillaia bark gives about 
14 percent of ash. Another characteristic appearance of quillaia bark 
is the occurrence of crystals of calcium carbonate (arragonite) when 
thin sections of the sample are viewed under the microscope. 

2. Sodium Carbonate. 

This is probably the alkali most largely employed in the scouring 
of wOol. It acts as a very efficient emulsifying agent and is also quite 
cheap in comparison with soaps and jH)tash salts. It is commonlv 
known by the name of soda, a term uhich was orjginall\' used in the 
Middle Ages to designate an alkali, and included the alkaline salts de- 
rived from both wood-ashes and the ashes of sea plants. In early 
times a distinction was drawn between the rdkali of potash and that 
of soda, owing to the erroneous opinion that potash was entirely of 
vegetable origin, while soda was to be found only in the mineral king- 
dom. On this account potash was known as vegcUihlc alkali and soda 
was known as the mineral alkali. Toth of these alkalies were at first 
regarded as elementary substances, and, in fact, it was not until 1807 
that Davy proved that they were compounds of two metals, potassium 
and sodium respectively. 

The chemical formula for sodium carbonate is NaoCO,. It is 
brought into trade in a variety of forms and under a number of names. 
The product knowm as soda ash. or sinijdy as soda, is a white (occasion- 
ally slightly yellowish) amorphous powder, and is obtainable in a 

’’ R. Stalimcr, Gcr. Pat, 116,591 of 1900. 
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high degree of purity, containing from g6 to g8 percent of pure 
sodium carbonate. Another product known as sal soda, crystal soda 
or washing soda is the ordinary form of soda employed for domestic 
purposes ; it differs from soda ash in being ci7Stalline and containing 
a large quantity of water of crystallization, its composition corre- 
sponding to the formula NaoCOj.ioil.X), and containing about 63 
percent of water and 37 percent of soda ash. In practical value, about 
lOO parts by weight of crystal soda arc equal to about 37 parts of soda 
ash ; or to obtain the equivalent of 100 parts of the latter it is neces- 
sary to take 270 parts of cr)stal soda. In former times sal soda was 
greatly in demand, for being crystalline in structure, it was usually 
much purer in quality than soda ash, the latter being especially liable 
to contamination with salts of iron and aluminum, two very objec- 
tionable impurities when the alkali was to be employed in connection 
with soap. Sal soda is very eflloresccnt in dry air; that is to say, it 
readily parts with its water of cr}stallization, loses its crystalline 
structure, and crumbles to a hue white powder, the composition of 
which is NaoCO^^.HoO. Therefore, it is erroneous to presume that 
the powdered and dried sal soda is exactly the same in composition 
as ordinary soda ash, for it still contains one molecule of water which 
can only be completely eliminated by heating to rather a high tempera- 
ture. Crystal soda is more readily soluble in water than is soda 
ash, the latter being apt to form hard lumps which are difficult to dis- 
solve; TOO parts of w^ater will dissolve 7 parts of soda ash cold and 45 
parts at the boil; the same quantity of w’ater will dissolve 21 parts of 
crystal soda cold or 420 parts at the boil. There is, however, a pe- 
culiarity in the solubility of sodium carbonate in w^ater in that the 
maximum solubility is not at the boiling temperature, but at about 
90° F., for wdiile the solubility at the boil is 45 parts, the solubility at 
90° F. is 59 parts per 100 of water. 

Crystal carbonate is another form of sodium carbonate; it occurs 
as small crystals of a high degree of purity, and contains much less 
w'ater of crystallization than sal soda. Its composition appears to cor- 
respond to the formula Na^,COJI/), and it therefore contains be- 
tween 14 and 15 percent of water. ^ 

Sodium bicarbonate differs somewhat in its chemical nature from 
soda ash in that it is a salt in which the acid radical (carbonic acid, 
II., CO.) is not completely saturated wdth the base (soda, Na^f)), its 
formula being NalKX^j, hence its name of sodium hydrogen carbonate. 
From the fact that the acid is not completely saturated in this salt, 
it might at first be supposed that the compound would exhibit acid 
characteristics ; but, on the contrary, it is quite a strong alkali. This 
circumstance is accounted for by the fact that carbonic acid is a very 

» The following analyses show the comparative composition of crystal carbonate and 
foda crystals. 

Crystal Carbonate Soda Crystals 

Sodium carbonate • • 82.90 34-22 

Sodium hydrate • • •• • 

Sodium sulfate ... . . . • tr.acc 

Sodium chloride .... . trace 

Water i^-oo 


2.54 

0.27 

62.84 
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weak acid, whereas soda is a very strong base, so that with the acid 
portion only half saturated, the salt is strongly alkaline owing to the 
preponderating alkaline character of the base; this also explains the 
reason why soda ash itself is a strong alkali rather than a neutral 
salt. Sodium bicarbonate, however, is considerably milder in its alka- 
line character than soda ash ; on which account it is sometimes recom- 
mended as a substitute for the latter in scouring where it is not de- 
sirable to employ too strong an alkali. Sodium bicarbonate is more 
soluble iu water than soda ash ; the following table gives the solubility 
in 100 parts of water at different temperatures of the two compounds: 

50° F. 68° F. 8^)°F. 104° F. 

Sodium bicarbonate, 126 21.4 381 50 parts. 

Soda ash, 8.8 98 108 11.7 

When sodium bicarbonate is heated (calcined) it loses a mole- 
cule of carbonic acid and is converted into soda ash. Even when a 
solution of sodium bicarbonate is heated, a portion of the carbonic acid 
is given off, and the solution on cooling will deposit crystals consist- 
ing of a mixture of the normal carbonate and the bicarbonate, cor- 
responding to the formula NaoCO,. 2NaHC(E.2lE0, which is known 
as sodium scsquicarhonai c . When the solution of soclium bicarbonate 
is boiled for a considerable lengHi of time, the conversion into the 
normal carbonate is complete. Natural deposits of sodium sesqui- 
carbonatc arc to be found in certain districts of Egypt, Africa, and 
South America, and a few other localities. The mineral of which 
these natural deposits arc formed is known a^ Trona, a term from 
which the word natrium is derived; the latter being the Latin name 
for sod.nm, from which is derived the symbol “Na” used to designate 
this elenuMit. 

Soda ash when exposed to dry air is stable, but it will absorb a 
considerable amount of moisture in contact with damp air, though it 
in no case loses its solidity. In this respect it differs considerably from 
potash, which rapidly takes up moisture even from air of ordinary 
dryness, and soon becomes pasty in consistency. In its chemical prop- 
erties, soda ash has a caustic taste and a strongly alkaline reaction ; 
it melts at about 1465"^ F., and is not volatile. Soda ash and its solu- 
tions are decomposed by nearly all acids (even comparatively weak 
ones) with the liberation of carbon dioxide gas. 

The solubility of sodium carbonate in 100 j)arts of water at dif- 


ferent temperatures is given in the 

following table: 

Temperature. 

Parts of soda 
ash dissolved. 

.32° F. 

7-1 

42° 

as 

50° F. 

T2.6) 


h) 5 

6)8° F. 

2T 4 

8t)°F. 

38.1 

90° F. 

50.0 

04 ‘’F 

46.2 

i74‘’F. 

46.2 

2I2°lo 

45.1 
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Soda is usually designated in trade as LeBlanc or Solvay soda, 
depending on the method of manufacture. The latter is also some- 
times called ammonia soda. LeBlanc soda is made by treating com- 
mon salt, NaCl, with sulfuric acid, and subsequently heating the salt 
cake so obtained (consisting principally of sodium sulfate) with coal 
and limestone, which causes the formation of sodium carbonate. The 
product obtained in this manner is very impure, containing in ad- 
mixture various other ingredients resulting from the reactions, princi- 
pally sulfides of calcium and sodium. In order to obtain it in a 
condition suitable for trade, LeBlanc soda must undergo a rather 
tedious and costly process of purification; and if it were not for the 
by-products obtained during the process, the ju'oduct would be too 
expensive for use."* Solvay soda is prepared by conducting a mix- 
ture of ammonia and carbon dioxide gases through a concentrated 
brine solution. This results in the formation of sodium bicarbonate 
and ammonium chloride : the former being insoluble in the salt 
soliuion, is precipitated and thus collected. The ammonia is re- 
covered from the ammonium chloride and is used over continuously 
with but small loss. The sodium bicarbonate is readily converted into 
the plain carbonate by calcining. Solvay soda, if properly prepared, is 
a very pure article, and can be produced quite cheaply. It is not liable 
to contamination with iron or aluminium, as is the case with LeBlanc 
soda. The fact that soda ash can be obtained in such a high degree 
of purity has caused the use of sal soda to diminish very considerably, 
as the latter for the same weight has only about one-third as much 
alkali as the former. 

The .strength of sodium carbonate (of whatever variety) is usually 
based on the amount of “pure alkali’’ or sodium oxide, Na.TI, it con- 
tains. The percentages of this are expressed in terms of degrees; for 
instance, “48° alkali” would indicate that the sample contained 48 per- 
cent of Na^O. Chemically pure sodium carbonate, NaXXTj, would 
correspond to 58.5° alkali.'"^ Clood qualities of soda ash when dis- 
solved in water should leave little or no residue. The chief impuri- 
ties which may be present are the chloride, sulfate, sulfite, and sulfide 
of sodium, free caustic alkali, lime, iron, alumina, and silica. 

* Le Blanc soda is very liable to contain as impurities small amounts of taustic soda 
and sodium sulfule. The presence of the latter may be indicated by testiUR with lead 
acetate paper, which gives a lirown or black color duo to the forinalion of lead sulfite A 
good sample of soda should be soluble in water with not more than a trace of insoluble 
residue (sand and carbon) 

‘In France, soda ash is generally valued in terms of what is called the Descroi/illes 
degree; this degree rcpiesents the number of parts by weight of monohydrated sulfuric acid 
which can be neutralized by loo parts of the sample being tested. Pure sodium carlionate 
titrates 92.45 degrees Descroizilles. In analyzing samples of soda ash on this basis the 
standard acid is made up so that 9245 c.c. exactly neutralizes 10 grns.^ of puie sodium 
carbonate. The strength of alkali may also be expressed in terms of the (lay-Liissac degree, 
which refers to tlie percentage strength of the alkali in anhydrous eausiic soda, calculated 
from the atomic weight of (> 2 . The Knglish degree also expresses this same factor, but 
based on the old atomic weight of 64, Newcastle alkali is sold on the Gay-Lussae standard 
and the Liverpool alkali on the English standard The German degree alkali represents 
the percentage of sodium carbon.itc. The following table presents the 1 elation of the values 
of these ciiffeient degrees of alkaline strength: 

Descroizillcs German 

1. 000 J oRi 

0.924 1.000 

1.580 1.709 

1.560 1.687 


Gay-Lussac 
o 632 
0.585 
1. 000 

0.987 


English 

0.641 

0.592 

1.013 
1. 000 
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The following tables show the density of solutions of soda ash: 
Densities of Solutions of Soda Ash (at 60° F.) 


Table I 


Degrees 

Percentage by Wt. 

Degrees 

Percentage by Wt, 

Twadclell 

Na^COa 

Na,0 

Twaddell 

Na.CO-, 

NaaO 

I 

047 

0.28 

16 

7-^7 

4.42 

2 

095 

0.^6 

17 

8.04 

4.70 

3 

1.42 

0.84 

18 

8.51 

4.97 

4 

I.QO 

I. II 

19 

897 

5-24 

5 

2.38 

I 39 

20 

9-43 

S.52 

6 

285 

1.67 

21 

9.90 

5.79 

7 

3-33 

1-95 

22 

1037 

6.06 

8 

3 

2,22 

23 

10.83 

6.33 

9 

4.28 

2.50 

24 

11.30 

6.61 

10 

4.76 

2.78 

25 

11.76 

6.88 

II 

523 

3 eO 

2f> 

1 2.23 

7.15 

12 

5.71 

3 34 

27 

12,70 

7.42 

T 3 

6.17 

391 

28 

I 3 -Tb 

7.70 

T t 

6 64 

3.88 

29 

13.63 

7.97 

15 

7.T0 

4.16 

30 

14.09 

8.24 


Table II 


.Sp. Gr. 

°Hc 

NaA‘ 0 . 

Percent 

NaaCOi lol IjO 
Percent 

Kilos, in 

one Cu. Ateter 

Na.COa 

NasCOa.ioI-LO 

1 007 

I 

0.97 

i 81 

6.8 

18.2 

I 014 

2 

J.33 

3.59 

13.5 

36.4 

1 .022 

3 

2.09 

5.64 

21.4 

57-6 

I 029 

4 

2.76 

7 A\ 

284 

76.6 

r 036 

5 

3.43 

9.25 

35 5 

95-8 

1.04.S 

6 

4.29 

11.57 

44.8 

120.9 

1.052 

7 

4.94 

1332 

52.0 

140.2 

1.060 

8 

5.71 

15.40 

(X 3.5 

163.2 

i.o ()7 

9 

6.37 

17.18 

68.0 

183.3 

1.075 

10 

7.12 

19.20 

76.5 

206.4 

1 .083 

II 

7.88 

21.25 

853 

230.2 

1. 09 1 

12 

862 

23.25 

94.0 

253.6 

T.IOO 

13 

9.43 

25.43 

T03.7 

279.8 

T.I08 

14 

10.19 

27.48 

T12.Q 

3O4.S 

r.ii 6 

15 

10.95 

29.53 

T22 2 

329.6 

1. 125 

16 

IT.81 

31.85 

132.9 

358.3 

1. 134 

17 

1261 

34.01 

1430 

385.7 

1. 142 

18 

13.16 

35.49 

150.3 

405.3 

1. 152 

19 

14.24 

3841 

1O4.I 

442.4 


At the present time, soda ash of both the LeBlanc and Solvay 
manufacture is brought into trade in a high degree of purity; this was 
necessitated by the fact that soda ash employed in the scouring of tex- 
tile materials previous to dyeing should be as free as possible from 
contamination with salts of iron, the presence of which metal render- 
ing it almost impossible to obtain clear bright shades with many dyes, 
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and more especially the alizarine or mordant colors. The presence 
of iron also caused uneven streaks and spots to appear in the dyeing. 
The yellowish tinge to be noticed in many samples of soda ash is not 
always to be attributed to the presence of iron compounds, as it is 
usually caused by a slight amount of organic matter which cannot be 
considered as objectionable. Caustic soda is another impurity which 
is liable to occur in soda ash, and for many purposes, especially those 
pertaining to the scouring of wool, it is objectionable. This im- 
purity is more liable to be present in LeBlaiic soda; seldom, if ever, 
being found in samples of Solvay soda ; the latter on the other hand 
is apt to contain small quantities of sodium bicarbonate, the occur- 
rence of which insures the absence of caustic soda, and is not ob- 
jectionable, except in so far as it somewhat lowers the alkaline strength 
of the compound. 

Sodium and potassium carbonates are largely used for scouring, 
and in connection with their respective soaps are the cheapest and most 
popular detergents in use. Both the carbonated alkali and the soap 
employed should be of the best quality consistent with the cost of 
scouring. Neither one should contain any appreciable amount of 
caustic alkali, as this latter substance nipidly destroys the wool fiber, 
even in dilute solutions and at moderate temperatures. A good olive 
oil soap is considered to be the best for ordinary scouring; either a 
hard (soda) or soft (potash) soap being used. Although a neutral 
soap is to be recommended, nevertheless, a great deal of scouring is 
done with soaps and alkalies containing quite an ai)preciable amount of 
free caustic alkali. As wool-fat contains a good proportion of free 
acid, it is possible to do this at times without material injury to the 
fiber, since the caustic alkali will generally combine with the free fatty 
acid before it has a chance to act on the material of the wool itself. 
Such a procedure, no doubt, considerably expedites the scouring, but 
is dangerous unless carried out in a skillful and experienced manner, 
especial attention being given to the proper regulation of the tempera- 
ture of the bath, and it is not to be recommended in general practice. 

The use of patented scouring powders and secret soap preparations 
is also to be avoided, unless their reliability is unquestionable and 
their composition and characteristics understood. Many of these con- 
tain relatively large amounts of caustic alkali. 

The addition of ammonia or ammonium carbonate to the scouring 
baths is beneficial, and where the expense is justified is said to yield 
better results than the other alkalies. Owing to their volatility, am- 
monium compounds are easily removed from the fiber after scouring, 
and their use involves less deingcr of felting. 

3. Qualitative Analysis of Soda Ash. 

(a) Iron . — Dissolve a small quantity of the sample in pure dilute 
nitric acid; after cfYervescencc has ceased add a drop or two of con- 
centrated nitric acid and boil for a few minutes. On cooling, add a 
few drops of a solution of potassium sulfocyanide to one portion of 
the solution, when the formation of a red color will indicate the pres- 
ence of iron. To the other portion add a few drops of .a solution of 
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potassium ferrocyanidc, when the formation of a blue color will in- 
dicate the presence of iron and thus confirm the first test. 

(b) Sodium Chloride . — Dissolve a small quantity of the sample in 

pure dilute nitric acid, and after effervescence has ceased, boil the 
solution for a few minutes to expel the carbon dioxide gas, then add 
a few drops of a solution of silver nitrate, when the formation of a 
white precipitate or cloudiness will indicate the presence of sodium 
chloride. i \i] \ 

(c) Sodium Sulfalc . — ^Dissolve a small quantity of the sample in 
pure dilute nitric acid as before, and after expelling carbon dioxide 
gas by boiling, add a few drops of a solution of barium chloride, when 
the formation of a white precipitate or cloudiness will indicate the 
presence of sodium sulfate. 

(d) Sodium Sulfate . — Dissolve a small quantity of the sample in 
water, and place in the solution a strip of filter paper saturated with 
lead acetate solution. If an appreciable amount of sodium sulfide is 
present, the paper will become brown in color, due to the formation 
of lead sulfide. A more delicate test is to dip a strip of filter paper 
saturated with sodium nitroprusside solution into the solution of soda 
ash, when the formation of blue violet color on the paper will indi- 
cate the presence of sodium sulfide If the soda ash is contaminated 
to any extent with sodium sulfide, the odor of hydrogen sulfide will 
be noticed on dissolving the sample in acid. 

(e) Caustic Soda . — Dissolve a small quantity of the samide in 
water and add a solution of barium chloride until no further precipi- 
tate is formed. This will cause the precipitation of all sodium car- 
bonate ])u -ent, but will still leave any caustic soda in solution. After 
allowing tin' precipitate to settle, filter, and add to the filtrate a few 
drops of phenolphthalein solution, when the formation of a red or 
violet color will indicate the presence of caustic soda in the original 
sample. 

(f) Lime . — Dissolve a small (piantity of the sample in water, and 
add a few drops of a solution of ammonium oxalate, when a white 
precipitate or cloudiness will be formed if lime is present. 

(g) Bicarbonate.— Vhee a small quantity of the sample in a test 
lube and heat it in a bunsen flame, leading the gases that may be 
evolved through lime water, d'he formation of a cloudiness in the 
lime water will indicate the presence of bicarbonate in the sample. 


4. Quantitative Analysis of Soda Ash.^ 

(a) Total Alkali.— Wc\gh out accurately about i gm. of the 
sample and dissolve in hot water; after cooling, make up the solution 


® The following arc representative analyse: 


Le Blanc .Soda 

Percent 

Sodium carbonate 

. 86.42 

Sodium hydrate 

nil 

Sodium chloride 

7 40 

Sodium sulfate 

3.62 

Alumina 

0.14 

Terric oxide 

0.03 

Sodium silicate 

0.51 

Insoluble matter . . ... 

0.05 

Water 

1.77 


of typical samples of soda ash: 


Solv.-iy Soda 
Sodium caibon.ate ..... 

.Sodium chloride 

Sodium sulfate 

Magnesium carbonate 
Calcium carbonate .. 

Ferric oxide 

.A 1 timing. « 



Percent 
.. 98.72 

0.54 
. . 0,20 

0.04 
, . . 0.13 



. . O.OI 

. . . . 001 

SiHcu 



. . . . O.OQ 

Water 



0.32 
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to one liter. Measure out 25 cc. with a pipette into a small flask and 
add a few drops of Methyl Orange, then titrate with i/io-normal sul- 
furic acid until the yellow color of the Methyl Orange is turned to 
a reddish tone. Each c.c. of i/io-nonnal acid used corresponds to 
0.0031 gm. pure alkali, Na., 0 , or to 0.0053 gm. sodium carbonate, 
NaXO^. 

Example . — Sample of soda ash taken weighed i.ooo gm. Dissolved in water 
and dilute(l to one liter; 25 c.c. of this solution on titration with i/io-normal 
sulfuric acid required 43 c.c. for neutralization. As a liter (1000 c.c.) of the 
soda ash solution contained i gm., 25 c.c. would contain 0.025 gm., and as each 
c.c. of acid is equivalent to 0.0053 Sm. of sodium carbonate, tliere would be 
present 0.02279 gm. of the latter, which would be 91.2 percent. If it is desired 
to calculate it as “pure alkali,” 4 3 c.c. of acid would correspond to 0.01333 gm. 
NajO, or 53.3° alkali. 

(b) Caustic Soda and Sodium Carbonate . — ^'Fake too c.c. of the 
above solution of the sample, and add a few drops of a solution of 
phenolphthalein, and titrate with i/io-normal sulfuric acid until the 
red color of the phenolphthalein is discharged. This reaction will in- 
dicate that all of the caustic soda present has been neutralized together 
with one-half of the sodium carbonate, because the phenolphthalein is 
sensitive to free carbonic acid, and its color will be discharged when 
all of the sodium carbonate has become changed into bicarbonate and a 
trace of free carbonic acid is liberated. The number of c.c. of acid 
required for this reaction is noted. Then a few drops of Methyl 
Orange solution are added, and the titration with the acid is con- 
tinued until the appearance of a reddish tint shows that the rest of 
the alkali is neutralized. The quantity of acid necessary for the sec- 
ond titration corresponds to one-half of the .sodium carbonate, so this 
is multiplied by two to give the amount of sodium carbonate actually 
present. The difference bctw^cen the amounts of acid added for the 
first and second titrations corres])onds to the amount of caustic soda 
present. Each c.c. of i/io-normal sulfuric acid is equivalent to 
0.0053 gm. of sodium carbonate, NaoCO., and to 0.0040 gm. of 
caustic soda, NaOH."^ 

Example . — too c.c. of the solution of soda ash titrated as above directed, re- 
quired for the first titration 8.9 c.c., and for the second titration 8.3 c.c. of acid. 
Hence, we have as follows: 

8.3 X 2 — 16.6 X 0.0053 ~ 0.08798 gm. sodium carbonate, which is equivalent 

to 87.98 percent. 

8.9 — 8.3 = 0.6 X 0.0040 0.0024 gm. caustic soda, which is equivalent to 

2.4 percent. 

As in technical analysis it is more customary to state the amounts of carbonate 
and hydrate in terms of “alkali” Na-O, the above amounts become in this 
form (since each c.c. of i/io-norrnal acid is equivalent to 0.0031 gm. of NazO) : 

’ Another method for determining the amount of caustic soda in a sample of soda ash 
is the following: Take 250 c.c. of the soda ash solution (10 gms. per liter) and place 
in a 500 c c. graduated flask; add a slight excess of a neutral solution of barium chloride, 
and nil the flask to the mark with distilled water: All of the carbonate present will be 
precipitated as barium carbonate. This is allowed to settle and then 200 c.c, of the clcaf 
su]icrnatant luiuid (niuivalcnt to i gin of the sample) arc withdrawn and titrated with i/t*' 
normal sulfuric acid, using eithei phenolphthalein or Methyl Orange as indicators. Each 
c c. of acid required is equivalent to 0.0031 gm. NauO or 0.0040 gm. of caustic soda 
Instead of using sulfuric acid for the titration, oxalic acid may be cmploved; in which case 
the liquid containinpf the precipitated barium carbonate may be directly titrated without 
waiting for the precipitate to settle. 
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i 6.6 X 0.0031 — 0.05146 gm. alkali as carbonate, and this would be equal to 51.46®. 
0.6 X 0.0031 — 0.001^ gm. alkali as caustic, and this would be equal to 

(c) Insoluble Matter . — Weigh out accurately lo gius. of the 
.sample, and dissolve in about one liter of hot water; filter, and wash 
the filter well with water; then dry the filter, ignite in a porcelain 
crucible and weigh. Tins will give the amount of insoluble mineral 
mailer present in the sample. 

Example - -\Q gms. of soda ash treated as above gave the following results; 


Weight of crucible empty . . -gS.m.S gms. 

Weight with ignited residue 1.S.167 gms. 

Weight of insoluble matter . ... u.042 gm. 

and this is equivalent to 0.4 percent 


(d) Sodium Sulfate.- The preceding solution of to gms. of the 
sample is made to just 1000 c.c. after lilt ration. 200 c.c. of this so- 
lution (corresponding to 2 gms. of .soda asli) arc slightly acidulated 
with hydrochloric acid and boiled until all carbon dioxide gas is re- 
moved; then a solution of barium chloride is added in slight excess, 
which will cause the preci[»ilation of all sodium sulfate present as 
barium sulfate. After setting the barium sulfate is filtered off, wa.shed, 
dried, ignited in a porcelain crucible, and weighed. One part of 
barium sulfate corresiionds to 0.609 [lart of sodium sulfate.^ 

Example. — 200 c.c. of the above solution treated as described, gave the 
following results: 

Weight of crucible empty . .T5-T-.S gms. 

Weight with barium sulfate . . 15 136 gtiis 

Tight of barium sulfate ... . o.oii gm 

This corrv. ''ponds to ooii x o6uo -= Ooob; gm sodium sulfate, which is 
equivalent to 0.32 percent. 

(c) Sodium Chloride. — 'This may be best estimated volumetri- 
cally by the use of i/io-normal solution of silver nitrate with potas- 
sium chromate as an indicator. The i/io-normal solution of silver 
nitrate may be jirepared by dissolving 16.966 gms. of the pure salt in 
water and diluting to just one liter. Each c.c. of this solution is 
equivalent to o.rx)355 gm. chlorine or 0.00585 gm. sodium chloride. 
TOO c.c. of the same solution of soda ash as used in the previous de- 
termination are just neutrali/ed with nitric acid in a porcelain dish and 
a few drops of a solution of i)Otassiuni chromate arc added. The 
liquid is then titrated with the silver nitrate solution until the color be- 
comes a faint orange, which indicates all of the chloride present has 
combined wdth the silver salt. 

Example. — 100 c.c. of the soda ash solution (equivalent to i gm.) was ti- 
trated as above described and re(|uircd 1.2 c.c. of i/io-normal silver nitrate 
solution. This was ecpial to 1.2 x 0.00585 ^ - 0.00702 gm. of sodium chloride, or 
0.70 percent. 

•Other compoiiiuls of sulfur Ilian the sulfate arc not li.ihle to occur in samples of good 
.soda ash. .Should they he iircsent. liow< vei , they may be tstimal«-d by adding to so cc 
of the sod.s .ash solution .s solnlion of barium hypochloi ite, thfu adding h> droehloric acid to 
dissolve the fu ceiiutatcd barium carbonate; boil well. Iilter ofT the residual precipitate ol 
baiiuin sulfate, di v. igiiite. and weigh The dilTercncc between the iirst determination 
of free sulfate .ind the latter will give the amount of sulfur coinpounels other than sodium 
sulfate. As these eomiuninds consist chiefly of sulfules, sulfites, etc., they are all oxidized 
to the form of sulfate by the action of the hypochlorite. 
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(f) Sodium Sulfide. — The amount of sodium sulfide present in a 

sample of soda ash may be determined by titration with a standard 
solution of ammoniacal silver nitrate. This solution is prepared by dis- 
solving 21.792 gms. of ]>ure silver nitrate in water, and adding 250 
c.c. of ammonia, and making up to one liter; i c.c. of this solution is 
equivalent of 0.005 sodium sulfide. The titration is carried 

out by taking 100 c.c. of the soda ash solution similar to the preceding 
(equivalent to i gm. of soda ash sample), adding some ammonia water, 
and heating to boiling. I'he silver nitrate solution is then run in until 
no further precipitation of silver sulfide occurs. The exact point at 
which this occurs can best be determined by filtering a few drops 
of the liquid, and testing the clear filtrate with a drop of silver nitrate 
solution.® 

Example. — 100 c.c. of the soda ash solution titrated in the manner as above 
described gave the following results; 0.3 c.c. of the ammoniacal silver nitrate 
solution were retiuired for the titration; hence 0.005 x 0.3 0.0015 gm. sodium 

sulfide, or 0.15 percent. 

(g) Sodium Sulfite. — This component is determined together 
with sodium sulfide by titration with a i/io-normal solution of iodine. 
To 100 c.c. of the soda ash solution ( 10 gms. ])cr liter) add a slight 
excess of acetic acid and a little starch solution. Titrate with iodine 
solution until a blue color is developed. Ifach c.c. of the i/io-normal 
iodine solution is equivalent to 0.0039 gm. of sodium sulfide and to 
0.0063 gm. of sodium sulfite; so calculate the quantity of the iodine so- 
lution equivalent to the amount of sodium sulfide found in the above 
test and subtract from the total c.c. of iodine solution used, and from 
the remainder calculate the quantity of sodium sulfite. 

Example. — too c.c. of the solution of soda ash (equivalent to i gm.) re- 
quired 0.6 c.c. of i/io-normal iodine solution for titration; as there was found to 
be 0.0015 gm. of .sodium sulfide in this amount of the sample, this was equivalent 
to 0.4 c.c. of the iodine solution, consequently, 0.2 c c. corresponded to the 
amount of sodium sulfite present, or 0.2 x 00063 0.00126 gm., or 012 percent. 

Neither sodium sulfide nor sodium sulfite is liable to be found in 
samples of soda asli unless the same are rather crude. 

(h) Oxides of Iron and Aluminium. — The mixed oxides of iron 
and aluminium are estimated by dissolving 5 gms. of the sample in wa- 
ter, filtering and washing the re.sidue on the filter paper until the 
washings arc neutral to litmus. An excess of hydrochloric acid anrl 
a few drops of nitric acid are added to the filtrate, and the solution, 
after boiling, is precipitated by the addition of a slight excess of am- 
monia. Filter, wash the preci])itate ; dry, ignite and weigh. This 
will give the amount of the mixed oxides of iron and aluminium. 

To determine the amount of iron, dissolve about 5 gms. of the 
sample of soda ash in water in a fla.sk. add a small quantity of dilute 
sulfuric acid, and boil until carbon dioxide or other gases are ex- 

• Another method for detcrmininR the amount of sodium sulfide is the following: Pre- 
pare a solution of kad nitrate containing 425 gms. per liter; each c c. of this solution will 
be cquivaltnt to 0001 gtn of sodium suUide Take so c f of the sod.i ash solution (lu gms 
per liter) and titrate with the lc.ad nitrate solution. As an indicator, place a few drops 
of the lead nitrate solution on a piece of filter paper; occasionally remove from tho 
liquid undergoing titration a drop on the end of a glass rod and add it to the drop ot 
lead nitrate solution on the filter paper; when the latter ceases to give a dark coloration, the 
titration is completed. 
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pelled. Then add a small fragment of mossy zinc which will cause 
the reduction of any iron present to the ferrous condition. The solu- 
tion is then titrated with a N/50 solution of potassium permanganate, 
each c.c. of which is equivalent to 0.001 12 gni. of iron or to 0.0016 
gm. of ferric oxide, Fe^Os.^*^ By subtracting the latter amount from 
the quantity of the mixed oxides found as above described, the amount 
of alumina may be determined. 

(i) Lime . — This may be determined by taking the filtrate from 
the mixed oxides of iron and aluminium described above, concentrat- 
ing to a small bulk, and adding a solution of ammonium oxalate. 
The calcium oxalate which is precipitated is collected on a filter, 
washed, dried, ignited, and then a drop of sulfuric acid is added and 
the mass ignited again, and finally weighed as calcium sulfate; i 
part of the latter is equivalent to 0.41 part of lime, Ca().‘^ 


5. Potassium Carbonate. 

This is the potassium conqiound corresponding to soda ash, and it 
has the chemical formula KoCO,.. As potassium salts do not occur as 
largely in nature as the sodium salts, the former arc always more ex- 
pensive. Potassium carbonate is also called potash and pearl 
ash. Formerly it was principally obtained from the ashes of land 
plants; and, in fact, it received its name from “pot ashes,” meaning 
the ashes left after burning wood under the pots. At the present time 
potash is chiefly obtained from the potassium salts mined at Strass- 
furt in GeiTnany, and in Alsace, France, although a large quantity is 
still pr nluced locally by extracting wood aslies with water. Potash, 
as it appears in trade, is a white granular substance which rapidly 
absorbs moisture from the air, and i)ceomcs pasty in consistency. ^ It 
also occurs at times in the crystalline condition, the crystals having 
the formula KoCO,^. In its chemical ])ropcrties potash very 
much resembles soda ash ; it is much more soluble than the latter, how- 
ever, and it does not appear to have such a se\ere action on wool as 
soda ash. Potash is largely used for the making of soft soaps, and 
somewhat for the scouring of high grade wool; although for this pur- 
pose it is considerably more expensive than soda ash. 


10 When the amount of iron present in a sample of soihi .ish is yiry small, it will be 
diflicult to obtain satisfactory results by the giavimetnc method, and the following colon- 
metric method is pioposcd. Dissolve lo gms. of the soda ash in hydroihlonc acid, add .a tew 
drops of nitiic acid and boil to insure the complete oxidation of all the iron to the iernc 
condition and the removal of all the carbon dioxide from the scdulicm. Then pour the 
solution into a narrow glass cylinder, and add 2 cc of a 10 peicmt solution of ammonuim 
sulfocyanide, which will give a red coloration with the iron In a similar glass cylinder, 
place 25 c.c. of hydrochloric acid and a few drops of nitric .acid, then dilute with water 

until the volume is the same as that of the soda ash solution; Uun add 2 c c. of ammonium 

sulfocyanide solution and titrate with a solution of feme thloiide containing i gm. 0 
non per liter, until the depth of color in the second glass is the same as that in Uie hrs't 
In this manner the amount of iron in the soda ash solution may be readily calculated, as 

each c.c. of the ferric chloride solution will be equiv.alent to 0.001 gm. of iron or 0.00285 

gm. of ferric oxide, FcoOs- . ^ -i- • 1 r ..a ....v, 

»It is sometimes desirable to ascertain the anioimt of silica m a sample of soda ash 
and this may be done in the following manner: Dissolve 10 gms. of tlm soda ash in 
hydrochloric acid; evaporate the solution to dryness in a casserole on a water-bath, dissolve 
the dry residue in water containing a .few drops of hydrochloric fhi f ^ ^ 

portion; dry, ignite, and weigh as silica, SiOo. Ihis amount multiplied by the factor *..03 
will give the equivalent of sodium silicate. 
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Strength of Potassium Carbonate Solutions 


Be.'* 

Tw.° 

Percent 

KaC03. 

Gms. per 
liter 

of KaCOs 

15e.° 

Tw.° 

Percent 

KaCOa. 

Gms. per 
liter 

of K.CO 3 . 

2 

2.8 

1.5 

15 

28 

48.2 

24-5 

304 

4 

5-8 

3.1 

32 

30 

52.9 

2f).0 

33 t) 

6 

9.0 

4.9 

51 

32 

57.0 

28.5 

366 

8 

12.0 

6.5 

99 

34 

()i 6 

30.7 

402 

10 

15.0 

8.1 

87 

39 

06.4 

32.7 

436 

12 

19.2 

9.8 

107 

38 

71.4 

34.8 

472 

14 

21.6 

1 1.6 

129 

40 

766 

37-0 

512 

i() 

25.0 

T3.3 

150 

42 

82.0 

39-3 

554 

18 

284 

15.0 

171 

44 

87.6 

4 T .7 

(XX) 

20 

324 

17.0 

198 

49 

93 6 

44.0 

()46 

22 

360 

18.8 

222 

48 


4 f >-5 

697 

24 

400 

20.7 

248 

50 

I0f)0 

48.9 

748 

26 

440 

22.^ 

27s 

52 

112.0 

51.3 

802 


Potash is analyzed in <^cncral in the same manner as soda ash ; 
usually, the only components determined are the potassium carbonate, 
caustic potash, and water. The latter is obtainecl by simply drying a 
sample at iio° C. until constant weight is obtained. 

6. Caustic Soda. 

Caustic soda is chemically known as sodium hydrate and has the 
formula NaOH. It is a white brittle substance and absorbs moisture 
eagerly from the air, so that if left exposed for any length of time, 
it soon becomes liquelied. It is very soluble in water, and on dissolving 
liberates considerable heat; its solution in water is generally known 
as soda lyc.^^ ('austic soda is a very strong alkali and is very caustic 
in its properties. It will cause severe burns if in contact with the 
skin, so workmen handling caustic soda should have their hands pro- 
tected with rubber gloves. Caustic soda is mostly prepared by a double 
decomposition between sodium carbonate and caustic lime, whereby 
carbonate of lime and caustic soda are formed. It is also made by 
the action of oxide of iron on sodium carbonate, and quite largely at 
the present time by the electrolysis of brine solutions whereby chlor- 
ine and caustic soda are formed. Caustic soda is usually sold on a 


** The following are analyses of typical samples of commercial potash: 



Montreal 

Pearlash 

French 

Beetroot 

LcBIanc 

Potassium carbonate • . 

.4387 

77 50 

38 r .3 

92.68 

92 19 

Potassium sulfate • . 

]o 40 

11 (.5 

0 43 

3 81 

3>94 

Potassium hydroxide . 

■ • 50 





Potassium chloride 

2,40 

2.6^ 

2 45 

2 92 

1.49 

Sodium carbonate . 


2 8(3 

3 98 

3 98 

I 43 

Sodium hydroxide . . . 

2 03 


4.17 



Soluble silica, etc. . 

4 75 

5.77 

9 20 

0.56 

V.08 


One part of caustic so<la disbolves in 047 pait of watci , and the greatest amount of heat 
of solution is liberated when i p.ut of caustic smla is dissolved in 90 parts of water, 
these proportions corresponding to the ratio of N.iOH aolLjO. Tlie following table shows the 
relation between the strength of caustic soda solutions and llicir boiling points. 

IJoiling Point 

Percent NaOII C®. F". 

36 i.V 2C6 

70 180 356 

78 243 469 

8a 260 500 
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basis of its percentage of sodium oxide (NagO) ; each percent being 
expressed as a degree. Thus 77° caustic soda would mean that it con- 
tains 77 percent of sodium oxide, and would be almost chemically 
pure. Caustic soda is used very largely in the scouring and bleaching 
of cotton and for the preparation of soaps. The lower grades of 
caustic soda are usually sold in iron drums, which are filled with the 
melted caustic soda and hermetically sealed; the higher grades are 
generally sold in the powder form. Caustic soda may also be pur- 
chased in the form of a solution, the usual commercial article having 
a density of 1.35 or 70° Tw., and containing about 30 percent of 
actual caustic soda. It is also sold at a density of 100° Tw., contain- 
ing about 50 percent of caustic soda. 

Strength of Caustic Soda Solutions 


Be." 

Tw," 

Percent 

Na.O. 

Percent 

NaOH. 

Tw." 

Be." 

Percent 

Na.O. 

Percent 

NaOH. 

I 

1.4 

0.47 

0.61 

26 

44.0 

15.18 

19.58 

2 

2.8 

093 

1.20 

27 

46.2 

15.96 

20.S9 

3 

4.4 

1.55 

2.00 

28 

^.2 

16.76 

2142 

4 

5.« 

2.10 

2.71 

29 

504 

17.55 

22.64 

5 

7.2 

2.60 

3*35 

30 

52.6 

18.35 

23.67 

6 

9.0 

3-10 

4.00 

31 

54.8 

19.23 

24.81 

7 

10.4 

3.60 

4.64 

32 

57.0 

20.00 

25.80 

8 

12.0 

4.10 

5-29 

33 

59.4 

20.80 

26.83 

9 

13.4 

4-55 

5.87 

34 

61.6 

21.55 

27.80 

10 

iS-O 

5.08 

6.55 

35 

64.0 

22.35 

28.83 

II 

16.6 

5.67 

7.31 

36 

66.4 

23.20 

29.93 

12 

18.2 

6.20 

8.00 

37 

69.0 

24.20 

31.22 

13 

20.0 

6.73 

8.68 

38 

71.4 

25.17 

32.47 

14 

JI.6 

7-30 

9.42 

39 

74.0 

26.12 

33.69 

IS 

.J 3.2 

7.80 

10.06 

40 

76.6 

27.10 

34.96 

16 

25.0 

8.50 

10.97 

41 

79.4 

28.10 

36.25 

17 

268 

9.18 

ii.^ 

42 

82.0 

29.05 

37.47 

18 

28.4 

9.80 

12.64 

43 

84.8 

30.08 

38.80 

19 

30.4 

10.50 

13-55 

44 

87.6 

31.00 

39.99 

20 

32.4 

II. 14 

14-37 

45 

90.6 

32.10 

41.41 

21 

34.2 

11-73 

15.13 

46 

93-d 

33-20 

42.83 

22 

36.0 

12.33 

15.91 

47 

96.6 

34.40 

44.38 

23 

38.0 

13.00 

16.77 

48 

99.6 

35.70 

46.15 

24 

40.0 

13.70 

17.67 

49 

102.8 

36.90 

47.60 

25 

42.0 

14.40 

18.58 

50 

106.0 

38.00 

49.02 


7. Analysis of Caustic Soda.^^ 

1 he strength of caustic soda (either as the solid or in the form 
of solution) is determined by titration of a definite quantity of the sam- 
ple with i/io-normal acid as in the case of soda ash; each c.c. of i/io- 

The following are analyses of typical samples of caustic soda, known as 70. 72. and 78 
percent, the latter being made by the electrolytic method: 
c j. , , 70 Percent 

Sodium hydrate 86.70 

Sodium carbonate 3.25 

Sodium sulfate z.go 

Sodium chloride 6.87 

Sodium silicate o.io 

Sodium sulfide nil 

Alumina 0.09 

Insoluble nil 

Moisture 0.20 


72 Percent 
87.94 

4.74 

4.88 

2.02 

0.15 

ml 

0.04 

nil 

ml 


78 Percent 
99.22 
nil 
0.13 
0.65 
0.03 
nil 
0.003 
nil 
nil 
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normal sulfuric acid is equivalent to 0.0040 gm. of NaOH or 0.003 1 
gm. of NagO if the analysis is to be expressed in degrees of alkali. 
To test for the presence of sodium carbonate in a sample of caustic 
soda, dissolve in water and add a few drops of hydrochloric acid (or 
the acid may be added directly to the solid caustic soda) and if an 
effervescence is noticed, sodium carbonate is present. The amount of 
sodium carbonate and sodium hydrate in a sample may be determined 
by titration with i/io-normal sulfuric acid, using phenolphthalein first 
as the indicator and then continuing the titration with Methyl Orange 
as the indicator, as explained under the analysis of soda ash. The 
number of c.c. of acid required for the latter titration represents one- 
half of the sodium carbonate present. 

Example . — i gm. of a sample of caustic soda was dissolved in water and 
the solution made up to one liter; 100 c.c. of this solution were withdrawn and 
titrated with i/io-normal sulfuric acid using phenolphthalein as an indicator; 
it required 10.4 c.c. for ncutrah/ation. A few drops of Methyl Orange were 
added and the titration continued; it required 1.7 c.c. for further neutralization. 
Hence as each cc. of i/io-normal sulfuric acid is equivalent to 0.0053 gm. of 
sodium carbonate, and as the second titration corresponds to one-half the 
carbonate, we have 1.7 x 00053 x 2 0.018 gm. of sodium carbonate, or 18 

percent. As the first titration represented all of the caustic soda and one-half 
of the carbonate, we have, 10.4 — 1.7 87 c.c. of acid corresponding to the caus- 

tic soda; and this is equivalent to 8.7 x 0.0040 = 0.0348 gm., or 348 percent of 
caustic soda. 

Example . — How many ounces of true caustic soda arc contained in a gallon 
of a soda lye which analyzed as follows : mo c.c of the lye were diluted to one 
liter, and 100 c.c. of this solution required on titration on phenolphthalein 32.6 c.c. 
of i/io-normal acid, and on further titration on ^^Icthyl Orange, 0.8 c.c.? 

08 X 2 X 00053 — - 0.00848 gm. of sodium carbonate; 

32.6 — 08 31.6 X 0.0040 := 0.1264 gm. of caustic soda. 

As 100 c.c. of the diluted solution taken for titration represented lo c.c. of the 
actual lye, there would 1>c in one liter of the lye 0848 gm. of sodium carbonate 
and 12.64 gnis. of caustic soda. As a U. S. gallon contains 378 liters, this would 
be 47.78 gms. of caustic soda per gallon, or as one ounce contains 28.35 gms., 
this would be 1.68 ozs. per gallon. The factor for converting accurately gms. 
per liter into ozs. per gallon (U. S.) is 0.133; that is, taking the above example, 
we have: 1264 gms. per liter x 0133 — i.(^ ozs. per gallon. 

8. Sodium Silicate. • 

This alkali finds some application in .scouring and bleaching, al- 
though it is not as advantageous as a rule as soda ash or caustic soda.’’’ 
Sodium silicate is also known as water-glass, and appears in trade 
mostly in the form of a thick syrupy solution, though it may also be 
obtained as a solid in lump form.’® The addition of acids decomposes 
solutions of sodium silicate with the precipitation of gelatinous silica; 

An investigation of the use of sodium silicate in scoui ing is given in Deutsche Farb 
Zeit., 1885, No. 3, a summary of which may be given as follows: For linen cloth sodium 
silicate was found to be far superior to soap, for wool the contiary is the ease, and for 
cotton it is not so advantageous; less work is required when it is used than when soap i*^ 
employed. Sodium silicate is much cheaper than soap; on linen cloth the combined use ot 
soflium silicate and soap i»rndutes better results as regards mlor ami strength than with 
soap alone; for the scouring of half-woolen goods preparatory to bleaching, soda ash m 
better and cheaper to use than sodium silicate; and in the bleaching of cotton soap is 
superior, as the latter not only clcansts but also gives the fabric a softer feel. 

Sodium silicate is extensively employed as a filler for cheap and low-grade soaps. _A 
soap containing a large amount of sodium silicate may appear hard and dry and yet contain 
a high proportion of water, owing to the colloidal character of the silicate and its ability 
to form a solid mass with a large amount of water. 
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the addition of many metallic salts also has a like action. Solutions 
of sodium silicate react strongly alkaline. 

Sodium silicate is rather extensively used in the preparation of 
‘‘bleacher’s assistants” to be used in the boiling-out of cotton in the 
kier. It also finds favor with a number of bleachers as an addition to 
the kier-boil in connection with caustic soda and soda ash. It is said 
to give the goods a softer feel. 

9. Caustic Potash. 

Caustic Potash corresponds to sodium hydrate and is very simi- 
lar to it in its properties. It is made by the double decomposition be- 
tween potash and lime in the same manner as caustic soda. Caustic 
potash is used in the manufacture of soft soaps, but for other pur- 
])oses it is replaced by the cheaper sodium compound. Caustic potash 
is analyzed in the same manner as the sodium salt, each c.c. of 1/10- 
normal acid being equivalent to 0.0056 gm. KOI I, or 0.0047 ^2^* 

or 0.0069 gm. K^CO j The best cpiality of caustic potash usually con- 
tains from 80 to 85 percent of actual potassium hydroxide; the next 
(juality contains from 75 to 80 percent, while the poorest quality con- 
tains from 70 to 75 ])erceiit.^^ A higher grade caustic potash has re- 
cently been prepared by an electrolytic process and at a cost which 
should make it commercially available. 

The impurities in commercial caustic potash, as a rule, are a good 
deal higher than those in caustic soda; it is also difficult to obtain the 
former free from considerable amounts of the caustic soda. The 
amounts of potassium carbonate, potassium chloride, potassium sulfate, 
alumina, etc., arc obtained in the same manner as described under 
the anal} sis of caustic soda, d'he estimation of the amount of caustic 
soda present is rather difficult, as it is hard to obtain a clean and easy 
analytical separation of sodium compounds from those of potassium. 
Idle best method is probably to determine the amount of potassium 
present by means of platinum chloride, and then to calculate the soda 
by 'difference between the sulfuric acid required for the potassium so 
found and that used for the total alkalinity of the sample. This esti- 
mation is carried out in the following manner: 5 gins, of the sample 
arc dissolved in water, and the solution diluted to 500 c.c. After 
standing for some time to allow the deposition of any insoluble 
matter, 25 c.c. are withdrawn and transferred to a porcelain dish; a 
slight excess of hydrochloric acid is added, and then an excess of plati- 
num chloride, PtCl^. The solution is then cvai)oratcd nearly to diy- 
ness on a water bath, and if the liquid docs not remain of a dark 


The following are analyses of l\\o lyi'nal sain|»lcs nl 

commerci.al 

caustic potash: 


Percent 

Pen cut 


No I 

No 2 

Potassium hydroxide 

77 f'M 

7 '? H 

Potassium carbonate ... 

4 OJ 

2 5 =^ 

Potassium sulfate . 

0 3S 

0 21 

Potassium chloride 

2 2 i) 

0 9.1 

Potassium nitriti 

0 87 

nil 

Sodium hydroxide 

4 f >7 

2 59 

Soluble silica and alumina . . 

0 30 

0 20 

Insoluble mattei 

0 iij 

0.22 

Water 

8 84 

17 80 
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yellow color during the evaporation, more platinum chloride is added. 
To the semi-solid residue add some pure alcohol and mix the contents 
well ; allow the precipitate to settle, and pour off the liquid through a 
tared filter. Repeat the washing with alcohol twice, and finally trans- 
fer the insoluble double salt of potassium and platinum chloride to 
the filter, and wash with alcohol until the washings are no longer col- 
ored yellow ; then dry the filter and its contents at ioo° C. and weight 
as PtCl4.2KCl. The weight of this salt multiplied by the factor 0.161 
will give the amount of potassium jircsent; or by the factor 0.194 will 
give the amount as jiotassium oxide, K.X ); or hy the factor 0.231 will 
give amount as potassium hydroxide, KOH. 


Strength of Caustic Pot\sii Solutidns (I) 



Tw.° 

Percent 

Percent 

P>0° 

Tw." 

Percent 

Percent 

K.O. 

icon. 

K, 0 . 

icon. 

I 

1.4 

07 

O.c) 

29 

50.4 

22.7 

27.0 

2 

2.8 

1 4 

17 

3 f> 

52.6 

23.5 

28.0 

3 

4-4 

2 2 

2.6 

31 

54.8 

242 

28.9 

4 

5 -^ 

2.9 

3-5 

32 

57.0 

25.0 

29.8 

5 

7.4 

38 

4 5 

33 

594 

25.8 

307 

6 

90 

4 7 

5-6 

34 

()i.6 

2( k 7 

31.8 

7 

10.4 

5 4 

().4 

35 

64.0 

27.5 

32.7 

8 

12.0 

6 2 

74 

36 

f) 6.4 

28.3 

337 

9 

13 4 

6.9 

82 

37 

69.0 

29.3 

34.9 

10 

150 

77 

9-2 

38 

714 

3«-2 

35-9 

II 

ib.6 

8.5 

TO.I 

39 

74.0 

3 T .0 

36.9 

12 

182 

9 2 

10.9 

40 

76.6 

31.8 

37 -« 

13 

2U.O 

10. 1 

12 0 

41 

79-4 

327 

38.9 

14 

21.6 

108 

12.9 

42 

82 0 

33.5 

39-9 

IS 

232 

1 1.6 

13.8 

43 

84.8 

344 

40.9 

i(j 

250 

1 2.4 

14.8 

4 -t 

87.6 

35-4 

42.1 

17 

268 

13.2 

157 

45 

906 

36.5 

434 

18 

284 

139 

16.5 

46 

93-9 

37-5 

44.6 

19 

30.4 

148 

17.6 

47 

1 96.6 

38.5 

45.8 

20 

32.4 

15.6 

186 

48 

9 < 9.6 

39.9 

47.1 

21 

34 4 

164 

19.5 

49 

102.8 

40 6 

48.3 

22 

36.0 

17.2 

20.5 

50 

106.0 

41.5 

494 

23 

38.0 

180 

21.4 

51 

1 09.2 

42.5 

50.6 

24 

40 0 

188 

22.4 

52 

112.6 

43-6 

51-9 

25 

42 0 

19.6 

23.3 

53 

116.0 

447 

53.2 

26 

44.0 

20 3 

24.2 

54 

1194 

45.8 

54.5 

27 

46 2 

21 1 

j 25.1 

55 

123.0 

47.0 

55.9 

28 

1 48.2 

21.9 

26.1 

59 

126.8 

48.3 

57.5 


10. Ammonia. 

Ammonia is really a gas possessing the formula NH^ ; but tech- 
nically it is met with almost exclusively in the form of its aqueous 
solution, and may be considered as having the formula NH/JH, am- 
monium hydroxide. Ammonia is obtained principally as a by-prod- 
uct in the preparation of illuminating gas from the distillation of coal. 
Ammonia is very soluble in water, one volume of water at 15° C. 
dissolving about 730 volumes of the gas.^® Commercial ammonia 

’•One volume of water dissolves 1050 volumes of ammonia g.is at the freezing point; 
but the solubility rapidly decreases as the temperature rises, and at 77° F. only 536 volumes 
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liquor is a clear limpid liquid having a specific gravity of about 0.91, 
and containing about 25 percent of ammonia. The strongest solution 
to be met with in trade has a specific gravity of 0.88 and contains 
about 35 percent of ammonia. Ammonia, like soda and potash, is a 
strong alkali, but it does not have the same decomj)osing effect as 
the latter on animal fibers. It is used somewhat for the scouring of 
better class wool and for the preparation of certain emulsions of 
wool oils for the oiling of wool stock. It is much more expensive 
than either soda or potash compounds. 

Analysis of Ainmonia.—'l'his is done by titration of a definite 
amount of the sample with i/io-normal sulfuric acid, in the same man- 
ner as already described for the other alkalies. Edch c.c. of i/io- 
normal acid is equivalent to 0.0017 gin. of free ammonia, NIlj, or 
0.0035 of the hydrate, NII/^H. Titration in this manner gives 
the free ammonia, and does not include any ammonia existing com- 
bined in the fomi of salts, such as sulfate, chloride, etc. To deter- 
mine the combined ammonia, a definite amount of the ammonia solu- 
tion is boiled in a flask with some caustic soda, and the ammonia 
which is liberated is passed into a definite volume of i/io-iiormal 
sulfuric acid (or hydrochloric acid), and the excess of acid is de- 
termined by a back titration with i/io-nomial solution of sodium 
carbonate. The difference between the total ammonia thus found and 
the free ammonia as estimated above gives the ammonia existing in 
the combined state. 

Pure ammonia water should leave no appreciable residue on evapo- 
ration to dryness. The presence of carbonates may be delected by the 
addition of lime water, when a white turbidity will be noticed. Chlo- 
rides ma^ be detected by neutralizing a sanijile of the ammonia with 
nitric acid and then adding a few drops of silver nitrate, when a white 
precipitate or turbidity will show the presence of chlorides. Sulfates 
may be shown by the addition of a few drops of a solution of barium 
chloride, when a white precipitate or turbidity will form. The jires- 
cnce of lime is shown by the formation of a white turbidity on the 
addition of a few drops of a solution of ainmoniiim oxalate, due to the 
formation of calcium oxalate. 

II. Ammonium Carbonate. 

The commercial salt occurs in the form of a white fibrous mass, 
and really consists of a mixture of ammonium bicarbonate, NH4HCO3, 
and ammonium carbamate, NII4NH2COM. Ammonium carbonate is 
also known as sal volatile or salt of hartshorn. It is made in the 
putrefaction of nitrogenous matter, such as stale urine, etc. It was 
formerly obtained by the dry distillation of bones, horn, etc., hence 
the name of hartshorn. At present it is manufactured by heating a 
mixture of ammonium sulfate and chalk. Ammonium carbonate 

are dissolved. A saturated solution at 6o" F. contains 58 2 percent by weight of ammonia 
The solution of ammonia rapidly loses strength by the volatilization of the gas if exposed 
to the open air, and especially if heated. One of the most characteristic tests for the 
presence of ammonia is its strong and peculiar odor, which has an irritating effect on the 
nostrils and eyes. 
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Strength of Ammonia Solutions (at 15® C). 


Specific 

gravity. 

Percent 

NH,. 

Gm.s. per 
liter NH3. 

Specific 

gravity. 

Percent 

NHs. 

Gms. per 
liter NH,. 

■ I.OOO 

0.00 

0.0 

0.940 

15-63 

146.9 

0998 

045 

4.5 

o.()38 

16.22 

152. 1 

0.996 

0.91 

9.1 

0.936 

16.83 

157.4 

0.994 

1-37 

13 b 

0.934 

17.42 

162.7 

0.992 

I 84 

18.2 

0.932 

18.03 

168. 1 

0.990 

2.31 

22.9 

0.930 

18.64 

1734 

0.988 

2.80 

27.7 

0.928 

19.25 

178.6 

0986 

330 

32 5 

0.926 

19.87 

184.2 

0.984 

3.80 

374 

0924 

20.49 

189.3 

0.982 

430 

42.2 

0.922 

21.12 

194-7 

0.980 

4.80 

47.0 

0920 

21.75 

200.1 

0.978 

5.30 

51.8 

0918 

22.39 

205.6 

0.976 

5 - 8 o 

5 b 6 

0.916 

23.03 

210.9 

0.974 

6.30 

61. 1 

0.914 

23.6)8 

216.3 

0.972 

6.8u 

()(). i 

0.912 

24-33 

221.9 

0.970 

7-31 

70.9 

0.910 

24.(>9 

227.4 

0.9(>o 

782 

75.7 

o.goS 

25.65 

232.9 

0.96(3 

8.33 

80.5 

0.906 

26.31 

238.3 

0.96)4 

884 

85.2 

0.904 

26.98 

243-9 

0 9()2 

9 35 

8 (j .9 

0.902 

27.65 

249.4 

0.960 

9.91 

95 ' 

0900 

28.33 

255.0 

0958 

1047 

100 3 

0.89S 

29.01 

260.5 

0.95b 

1 1 .03 

1054 

0.896 

29.69 

266.0 

0.954 

1 1 .(K) 

110.7 

0.894 

30.37 

271.5 

0 952 

12.17 

T15.9 

0.892 

31.05 

277.0 

0.950 

1274 

121 0 

o.8<x^ 

31.75 

282.6 

0.948 

13 3 ' 

I 2 () 2 

o.8<^ 

32.50 

288.6 

0 946 

1388 

131.3 

o88() 

33.25 

294.6 

0.944 

1446 

i 3 b .5 

0.88^ 

34-10 

301.4 

0 942 

1504 

141.7 

0.882 

34 Q 5 

308.3 


smells of ammonia ; it is very soluble in water, and the solution forms 
an excellent scouring a^ent for wool, as it does not make the fiber 
harsh. It is much more exjjensivc, however, than soda ash or even 
potash. The amount of ammonia salt present in a sample of ammo- 
nium carbonate may be determined in the same manner as described 
under ammonia, by distillation with caustic soda and collection of 
the evolved ammonia in a definite amount of i/io-normal acid, then a 
titration with alkali to determine the excess of acid. 

12. Bleachers’ Assistants. 

This is a general name for a class of compounds employed in the 
boiling-out of cotton in the kicr. They are usually proprietary mix- 
tures of varying proportions of caustic soda, soda ash and sodium 
silicate, and sometimes they contain soap powder. As a rule the 
bleacher himself could prepare these mixtures far cheaper than the 
manufacturer sells them, as they are frequently nothing more than a 
scheme for obtaining an unduly high price for an otherwise cheap 
alkali. Sometimes a small amount of ammonium carbonate is added 
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to these compounds or mixtures with the result, of course, that am- 
monia is evolved, and in this manner the buyer is led lo believe that 
the preparation contains a high proportion of ammonia salts, and this 
serves as an excuse for charging a high price. 

13. Lime. 

This compound is obtained by the calcination of limestone or mar- 
ble. The latter compounds arc carbonate of calcium, and wlien strongly 
heated arc decomposed into the oxide of calcium and carbon dioxide. 
The oxide of calcium is what is known as lime, and has the formula 
CaO. It is also called quicklime or burnt lime. It is a grayish white 
hard mass which combines with water with great avidity, evolving 
considerable heat, and crumbling to a white powdery mass. This 
operation is known as slaking, and quicklime so treated is termed 
slaked lime. The later really consists of calcium hydrate or caustic 
lime, and has the formula Ca(OH)o. It is a strong alkali, although 
but sparingly soluble in water; its solution is known as lime water. 
Mixed with water slaked lime forms a milky liquid known as milk 
of lime, which is largely used in the boiling out of cotton preparatory 
to bleaching. It is also used in the same connection for tlic prei)ara- 
tion of caustic soda solutions by mixing with sodium carbonate, calcium 
carbonate being precipitated. 

A limestone consisting of comparatively pure calcium carbonate 
will yield a correspondingly pure lime which will slake well, and is 
known as a fat lime. If the limestone, however, contains much 
magnesia or silica, the lime obtained from it will not slake well, and 
it is called a lean lime. 

Analysis of Quicklime . — (a) For free lime; too gms. of the sam- 
ple are pulverized and completely slaked with water; the milk of lime 
so formed is placed in 500 c.c. flask and diluted to the mark; after 
shaking well, 100 c.c. of this liquid is transferred to a second 500 c.c. 
flask' and diluted to the mark; then 25 c.c. of this liquor (equal to i 
gm. of quicklime) is titrated with normal oxalic acid, using phenol- 
phthalcin as an indicator. Each c.c. of acid used is equivalent to 0.028 
gm. of quicklime, CaO. (b) For carbonate of lime; dissolve 25 c.c. 
of the above milk of lime in an excess of normal hydrochloric acid, 
which will neutralize both the free lime and the carbonate; then titrate 
back the excess of acid with normal alkali. The difference between 
the amount of acid used in this second titration and that of the first in 
the preceding test is equivalent to carbonate of lime; each c.c. of 
nomial acid being equal to 0.050 gm. of CaCO.^. 

In some bleaching establishments it is customary to jirepare the 
caustic soda liquors employed by treating milk of lime with sodium 
carbonate, the lime being precipitated in the form of a mud of calcium 
carbonate, while the caustic soda remains in solution. In order to 
have a control over the proportions of lime and soda ash to employ, it 
is usual to analyse this limq-mud or sludge. 
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14. Analysis of Lime-mud.^® 

(a) For Sodium Carbonate and Sodium Hydrate. — 10 gins, of 
the sample are mixed with ammonium carbonate and evaporated to 
dryness. This is for the purpose of decomposing the insoluble sodium 
calcium carbonate. Digest with hot water, filter, wash; dilute fil- 
trate to 500 C.C., and titrate 25 c.c. of this solution with normal acid, 
each c.c. of which is equivalent to 0.031 gm. of soda, Na^O. This 
soda may have been present originally either as hydrate or carbonate, 
the two being reported togetlier. 

(b) Caustic Lime; mak'c up a definite portion of the lime- 
mud into a milk and titrate with oxalic acid as described under the 
analysis of quicklime. This titration will Include any caustic soda 
present as well, and one-half of test (a) may be assumed to be this 
without serious error ; so this is allowed for, and the remainder is cal- 
culated to lime, CaO. 

(r) Calcium Carbonate: titrate with normal hydrochloric acid 
and Methyl Orange, and deduct from the volume the number of 
c.c. required in tests (a) and (b), and calculate the remainder to car- 
bonate of lime. 


Strength of Mimc of Lime Liquors (T). 


Tw." 

Gms. per liter CaO. 

Tw.° 

Gms. 

per liter 

2 

11.7 


28 


177 

4 

24.4 


30 


H)0 

6 

37 - T 


32 


203 

8 

40.8 


34 


216 

10 

62. s 


3 <^> 


229 

12 

75.2 


38 


242 

14 

87.9 


40 


255 

16 

100 


42 


268 

18 

1 13 


44 


281 

20 

126 


46 


294 

22 

13S 


48 


307 

24 

LS2 


50 


321 

26 

164 






Strength 

OF Mh.k ok Lime Liquors (II). 



CaO in 

CaO in 


CaO in 

CaO it 

Be." 

100 lbs. 

to gallons 

Be." 

100 lbs. 

10 gallor 

10 

10.6 

13.3 

22 

16.5 

24.0 

12 

1 1.6 

15.2 

24 

17.2 

25-3 

14 

12.7 

17.0 

26 

17.8 

26.3 

16 

13.7 

18.9 

28 

18.3 

27.0 

18 

14.7 

20.7 

30 

18.7 

27.7 

20 

15-7 

22 4 

1 




Lime-water is alkaline in character, although rather weak on ac- 
count of the small amount of lime it contains. A gallon of clear lime- 
water will contain only about 34 ounce of lime,®® and the strength can- 
not be increased by a concentration of the liquid. Lime is less soluble 

’•This is generally hno\vn by the name of “grout.” 

‘•A gallon of a saturated sobition of lime contains 89. S grains of calcium oxide or 118.5 
grains of calcium hydroxide. One liter of water dissolves about 1.28 grams of CaO. 
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in hot water than in cold, one part of cold water dissolving as much 
as one and a half parts of boiling watcr.-^ The first liquor obtained 
from the solution of lime in water is usuall}^ more alkaline than the 
subsequent liquors obtained from extracting the same mass of lime. 
This is due to the fact that small quantities of soda and potash are 
present in the lime, and arc dissolved in the first treatment with water. 

According to Herzfeld, the followinjr table represenis the number of parts of water 
necessary to dissolve one part of hme, CaO, at various temperatuics: 


"C. 

Paits Water 

°c. 

Parts Water 

IS 

77b 

so 

1044 

20 

813 

5 5 

1 09 8 

25 


60 

11 <58 

30 

885 

b5 

IJ44 

35 

92 \ 

70 

13 to 

40 

g (,2 

75 

1410 

45 

loo t 

80 

148J 



Chapter XXIX. 

Testing of Materials Used in Bleaching; Oils and 

Fats. 


I. Oils and Fats. 

There arc a number of oils and fatty materials which find an ex- 
tensive use in the .scouring and bleaching of textile fabrics, or enter 
into related processes in connection with these operations, such as the 
oiling of wool for spinning and the softening of cotton after bleach- 
ing. There are also certain oils wdych are used directly as scouring 
agents, principally for the boiling-out of cotton, but also to some ex- 
tent for the scouring of wool and the boiling-off of silk. These oils 
fall under the general class of sulfonated oils and arc soluble in 
water. The bc.^t known representative of this group is Turkey-red 
oil which is prepared by the action of sulfuric acid on castor oil. Of 
late years similar products of a higher degree of sulfonation have 
been introduced on the market and have already found extensive use 
in the boiling-out and bleaching of cotton. Such products include 
Monopole Oil, Monopole Soap, Turkon Oil, Iso Soap, etc. These 
are in reality acid soaps and their solutions give a slightly acid reac- 
tion. As their calcium and magnesium salts are soluble in excess of 
the soap, these compounds arc not precipitated by hard water. Mono- 
pole Oil is a more highly sulfonated product than ordinary Turkey- 
red oil, while Monopole Soap is prepared by separating out the sulfo- 
nated fat of castor oil from the glyceride and rcsulfonating and 
then neutralizing with alkali. The result is a solid product 
which has a high fatty acid content. By combining rosin soap with 
these sulfonated oils, such products as '‘Monopin"' and. '‘Leanin” are 
obtained ; they arc particularly recommended for kier-boiling. 

The sulfonated oils have a high emulsifying property and even 
in dilute solutions and at temperatures under the boil, they readily 
dissolve the gums and pectin matter from cotton and other vegetable 
fibers, and consequently they form excellent agents for the scouring 
of cotton (wetting-out) previous to dyeing, and also as additions 
to the usual alkali in kier-boiling. In methods of cold bleaching of 
cotton or linen where cold solutions of sodium hypochlorite are used, 
it is practically necessary to use these sulfonated oil products as ad- 
ditions to the bleaching bath in order to obtain good results."^ 

By combining carbon tetrachloride, CCI4, with Monopole Soap, 

' Gcr. Fat. 176,609. 
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there is obtained a product known as Tctrapolc, whereas I'etrapole P 
is a combination of Monopolc Soap and Tctrachlorethylcne C2CI4. 
The latter compound is especially recommended for kior-boiling on 
account of the high boiling point of the hydrocarbon. Tctraisole is a 
product of a similar character. 

Petroleum products, benzine (naphtha) and also turpentine arc 
sometimes added to the alkali kier-boil, with results of uncertain ef- 
ficiency, however, owing to the volatile nature of the oil. 

2. Benzine Soap. 

Naphtha (benzine) is sometimes incorporated with soap in con- 
siderable joroportion, and these so-called benzine soaps are used quite 
extensively in the dry cleaning industry for scouring garments and 
other fabrics. (Jnc method of making a benzine soap is to use an 
anhydrous oleate or stearate of potash, soda, or ammonia and dissolv- 
ing in benzine. By using about 25 parts of the soap to 100 ])arts of 
benzine, a good firm product is obtained. ( )ne of the best known 
makes of benzine soap was sold under the name of .Saponine (Griine- 
wald & vStommcl). According to the English patent (No. B/qS of 
1895), this product was made by melting together equal parts of oleic 
acid and soap; heating until a dear liquid is obtained, and then al- 
lowing to cool. Soaps that are freely soluble in benzine may aEo 
be obtained by dissolving i part of caustic soda (or caustic ])Otash) in 

4 parts of methyl alcohol and then stirring it into the theoretical quan- 
tity (5 parts) of oleic acid (or melted stearic acid) and heating the 
mixture on a water bath. By increasing the proportion of the oleic 
acid, the iohibility of the .soap in benzine is increased. By dissolving 

5 to le") pais of the dry soap in benzine, a solid to semi-solid benzine 
soap is obtained. 

3. Fats and Oils Used for Soaps for Scouring and Bleaching. 

The chief natural fats which arc useful for the manufacture of 
scouring soa[)S are as follows: Talloiv, palm oil, olive oil, cotioji-secd 
oil^ linseed oil, cocoaniU oil, and pahn nut oil. 

Tallow gives a very hard soap as it contains considerable stearin, 
the alkali salt of which has high melting point and is readily crystal- 
lized. Soaps that are very hard are generally known as curd soaps. 
Idicy are thrown out of .solution and separated from the gl3^cerin 
formed simultaneously with their manufacture, by adding a saturated 
solution of common salt to the soap. Tallow soap is also white in 
color, and is usually too hard to be used by itself, as it would be liable 
to damage the fiber in washing and scouring, requiring a considerable 
amount of rubbing to produce a lather. Solutions of tallow soap can- 
not be made very concentrated, as on cooling they solidify. A 5 per- 
cent solution of ordinary tallow soap on cooling will give a very firm 
jelly. Tallow soap is also rather in.soluble in water as compared, for 
instance, with olive oil soaps, and on this account is more difficult to re- 
move thoroughly from the wool, especially if it has had a chance to 
become at all dry between the scouring and the washing baths. 
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Tallow is the fat obtained from sheep, cows, and other similar 
animals. It is a white, hard fat, and consists essentially of olein and 
stearin, the latter occurring in the larger amount, being about 6o per- 
cent in soft, and 8o percent hard tallows. Some tallows also con- 
tain margarin. Beef tallow contains more olein than mutton tallow, 
consequently is softer and better adapted for soap making; mutton 
tallow being used mostly for candle making. Tallow requires about 
13.8 percent of caustic soda for complete saponification, and about 
19.4 percent caustic potash. Pure tallow is soluble in about 40 vol- 
umes of alcohol. It generally contains a small amount of free acid, 
varying from 0.7 to 7 ])crccnt. When employed for soap-making 
this is not detrimental, but when used for lubricating purposes the 
presence of free acid is disadvantageous. 

Tallow oil is obtained from tallow by melting the latter and pre- 
serving it in a warm room for several hours, when the stearin jiresent 
will crystallize out in small gi'anules or "‘seeds. 'fhis seeded tallow 
is ))resscd through cloths and the more liquid olein passes ihrough 
and forms what is known as tallow oil. It is principally used as a 
lubricant, but some is also employed for soap making. It gives a good 
white soap, softer and more soluble than tallow soap. 

Palm oil is a solid brownish grease which is readily saponified. 
It does not give as hard a curd as tallow, though its soaps arc much 
harder than olein soaps. As palm oil on keeping rather easily de- 
composes to a certain extent into free fatty acid and glycerin, most 
samples of this oil will show a high percentage of free acid, ranging 
in some cases to as high as 90 percent. Palm oil is largely used in ad- 
mixture with tallow for soap stock. Its soaps are of a brownish color, 
and possess a characteristic though not unpleasant odor. The soluti(jns 
of its soaps will also solidify on cooling in the same manner as 
tallow soaps. Palm oil is obtained from the fruit of several specie^ 
of palm trees, growing principally on the west coast of Africa. The 
most important tree commercially is the Elaiis gtiinnisis, the fruit of 
which is the size of a small plum, and consists of an outer pulpy mass 
and a small inner kernel. The outer pulp gives the palm oil, while the 
kernel furnishes the palm-nut oil of trade. Palm oil consists essen- 
tially of palmitin and olein, with varying amounts of free palmitic and 
oleic acids. Palm oil requires about 14 percent of caustic soda for 
saponification, and about 20 percent of caustic potash. Palm oil may 
be bleached and used for the making of a white soap; the bleaching 
being mostly done by means of potassium bichromate. Palm oil is very 
seldom adulterated. 

Cottonseed oil contains more olein than the two foregoing, and 
consequently, it is more fluid ; in fact, at ordinary temperatures it is 
a thin oil, resembling somewhat olive oil. It requires rather weak 
lye for saponification, and is difficult to salt out, as it does not yield 
nearly as hard a curd as tallow or palm oil. The soap ordinarily 
has a peculiarly disagreeable odor, which arises no doubt from the 
fact that cotton-seed oil is a semi-drying oil, and hence its fatty acid^ 
undergo oxidation with the production of badly smelling compounds 
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By improved methods of purifying the oil, cotton-seed oil soaps are 
now prepared of an excellent grade and quite free from any objec- 
tionable odor. 

Cotton-seed oil, unless very highly purified, also contains coloring 
and resinous matters, which give rise to yellowish stains in the fin- 
ished soap, and these may also have something to do with the bad 
odor of the soap. For these reasons, cotton-seed oil is seldom used by 
itself as a soap stock, but is always mixed with other oils. Even its 
soda soap is rather soft, and consequently its solutions do not solidify 
as readily as those of the preceding soaps. It is largely used for mak- 
ing soft soaps, in which connection it is employed conjointly with lin- 
seed oil. 

Cotton-seed oil is obtained from the seeds of the cotton plant, 
Gossypium sp. When first obtained from the seed it is of a dark red 
color owing to its containig a large amount of coloring matter. This 
is removed by treating the oil with caustic soda, which dissolves out 
the coloring matter while having but little action on the oil. The re- 
fined oil has a light brownish yellow color, although it can be purified 
to an almost water-white oil. It contains a large amount of stearin, 
and consequently will congeal when cooled. In some cases, this stearin 
is removed by refrigeration, and is used for oleo-margarine. It also 
contains olein, palmitin, and a small amount of linolein. Tiie latter 
gives to the oil its semi-drying quality. This oil requires about 14 per- 
cent of caustic soda or about 19.5 percent of caustic potash for saponi- 
fication. It does not saponify very readily, and it is also difficult to 
separate the soap from the lye and obtain a perfectly neutral soap. 

Olive ( il is no doubt the best possible oil to be used in the manu- 
facture of f'couring soaps. The oil used for soap-making is of the 
third or fourth quality, the other qualities being employed for culinary 
purposes. The curd of olive oil is rather soft, as the oil contains a 
high proportion of olein, but unlike the soap of cotton-seed oil it is 
readily salted out. As olive oil soap is very soluble in water, its solu- 
tions -remain very liquid even in highly concentrated forms. 

Olive oil is obtained from the fruit of the olive tree, Olea curopaca, 
the oil coming from the pulp surrounding the seed. The best grades 
of olive oil have a yellowish color, while the inferior qualities have 
a greenish brown tint. The best oils contain only about 2 percent 
of free acid, but when prepared from very ripe or fermented fruit the 
amount of acid may rise to about 25 percent. This kind of oil is called 
liuilcs toiirnants, and is used in the dyeing of Turkey-red. Olive oil re- 
quires about 13.5 percent of caustic soda, and aljout 19 percent of 
caustic potash for saponification. A very characteristic properly of 
olive oil is that when mixed with sulfuric acid or mercury nitiate it 
is converted into a .solid mass known as elaidin, and it possesses this 
property far in excess of any other oil. The best qualities of olive 
oil give white to cream colored soaps, while the poorer kinds give 
yellow to greenish soaps. True Marseilles or Castile soap is made 
from olive oil. 

Linseed oil is a drying oil ; one of its constituents being linoleic acid 
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which readily undergoes oxidation in the air with the formation of 
resin-like bodies which harden into a varnish. Hence, the use of this 
oil in the prepamtion of paints and varnishes. The soap obtained 
from linseed oil is very soft in character but it is not a desirable in- 
gredient of scouring soaps on account of its drying qurdities, as it is 
liable to dry into the fiber in the form of a varnish which it is well- 
nigh impossible to subsequently remove. It is only to be met with in 
inferior grades of soap. 

Linseed oil is obtained from the seed of the flax plant, Linum usita- 
tissimum. The oil is of a greenish yellow color which may vary con- 
siderably with its source. It possesses a characteristic odor and taste. 
It is readily saponified, and requires about 13.5 percent of caustic 
soda or 19 percent of caustic potash for saponification. With potash 
it gives a soft, clear soap of good scouring qualities, while with soda 
it gives a soap of the consistency of butter, so both products come 
under the category of soft soaps. 

Cocoaniit oil differs rather much in character from the previously 
mentioned oils in that it will not easily saponify with weak solutions of 
caustic alkali, but requires highly concentrated lyes. It also requires 
a large amount of salt for salting out, on which account its soap is em- 
ployed as a hard or salt water soap, as it can be used in sea water. 
Soaps from cocoanut oil are also liable to become rancid in the course 
of time, no matter how neutral the soap may have been made, and 
hence it acquires a bad odor. In the better grades of soap, cocoanut 
oil can only be used in admixture with other oils. It is largely used, 
however, for cheap grades of toilet soap which are heavily loaded 
with water. 

Cocoanut oil is obtained from the white pulp of cocoanut, the 
fruit of the cocoa palm, Cocos niicifcra. The dry pulp (known as 
copra) contains about 50 percent of oil. It occurs in the form of a 
soft white fat, of a pleasant and cliaracteristic odor. As it contains 
a considerable amount of free acid it is liable to become rancid, when 
its odor becomes much more pronounced. Cocoanut oil is easily sapon- 
ified, on which account it is used extensively for cold process soaps. 
It yields a white soap with good lathering properties, and one which 
works well in hard or saline waters. It requires about 18 percent of 
caustic soda or about 26 percent of caustic potasli for saponification, 
which is a larger amount than for almost any other fat. The chemi- 
cal composition of cocoanut oil is quite complex. It consists princi- 
pally of the glyceride of lauric acid, but there is also present the 
glycerides of caproic, caprylic, and capric acids. As these acids arc 
all soluble in w\atcr, and as their lime salts are somewhat soluble 
also, and as their soaps are rather soluble in saline solutions, it is 
easy to understand why cocoanut oil soap works well with hard or 
saline waters. A small amount of stearin and palmitin are also 
present in cocoanut oil. 

Palm-nut oil is quite similar in its properties to cocoanut oil iu 
that it requires strong lyes for its saponification and a large amount 
of salt for salting out. It is chiefly used in connection with tallow, ant' 
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when thus employed is an excellent stock for the best grade of curd 
textile soaps. 

Palm-nut oil has the consistency of butter, and is white or faintly 
yellow in color. It has an odor suggesting cocoanut oil. It requires 
about 16 percent of caustic soda or about 23 percent of caustic potash 
for saponification. In its chemical composition it approximates to co- 
coanut oil, and contains a large proportion of lower fatty acids, such 
as lauric, capric, caprylic, and caproic acids. The following analysis 
of palm-nut oil is given by Oudemans: 


PcrctMit 

Glycerides of oleic acid 206 

Glycerides of stearic, palmitic, and myrislic acids . . . 33.0 

Glycerides of lauric, capric, caprylic, and caproic aids 40.4 


Palrn-nut oil is not liable to become rancid, as it contains com- 
paratively little free acid. 

Besides the above mentioned fats and oils, there are, of course, a 
large number of miscellaneous fats used in the making of textile soaps. 
Lard is obtained from the leaf-fat of the pig. It is seldom used for 
soap-making, and then only for the highest grades. It is a white, soft 
fat, which saponifies readily giving a good hard white soap with soda 
and a white soft-soap with potash, both of which are readily soluble. 
Lard consists essentially of 60 to 65 percent of olein, and 35 to 40 
percent of’ stearin, with small quantities of palmitin. 

In the process of converting bones into fertilizer there is a by- 
product known as bone- fat which makes a fairly good soap stock if 
purified rufficiently ; its characteristics resemble tallow. Bone-fat is 
used for 'lie preparation of cheap grades of soap. It is a grayish, 
granular fat of a somewhat softer consistency than tallow. It is liable 
to become rancid owing to the presence of animal tissue. It also con- 
tains, as a rule, a rather large amount of free acid, ranging from 7 to 
12 percent. As it always contains a small quantify of calcium phos- 
phate, this serves as a characteristic test for bone-fat. It is also liable 
to contain considerable water. Gray mottled soaps are usually made 
from bone-fat. 

A few of the less important oils for soap-making are the following: 

Castor oil, obtained from the seed of the castor oil plant, Ricinus 
communis. The seeds contain about 50 percent of oil, which is ob- 
tained by pressing. It is distinguished from other oils by its high 
viscosity, and its ready solubility in alcohol. The oil consists princi- 
pally of the glyceride of ricinoleic acid together with a little palmitin, 
so it differs very radically from other oils in its composition. Ricin- 
oleic acid appears to be a hydroxyacid and is therefore capable of 
readily forming esters with sulfuric acid ; and, in fact, these bodies are 
used largely for tlie preparation of Turkey-red oils. Castor oil is 
easily saponified and gives a very soluble soap with soda, which is 
also clear and transparent. The oil requires about 12.5 percent of 
caustic soda or about 17.5 percent of caustic potash for saponification, 
which is rather less than most of the oils and fats. Castor oil is liable 
to become rancid on keeping. 
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Corn oil is a by-product in the manufacture of starch and glucose 
from corn or maize. It is amber-yellow in color and possesses an 
odor and taste resembling corn. It is easily saponified, requiring about 
13 percent of caustic soda or 19 percent of caustic potash for saponi- 
fication. The soap is of a yellowish color and resembles cotton-seed 
oil soap in its properties and qualities. 

Rape-seed oil is obtained from various species of rape plants, 
Brassicae sp. The oil is brownish green to yellowish green in color, 
and has a characteristic odor. It only refpiires 12.5 percent of caustic 
soda or 17 percent of caustic potash for saponification. It gives a 
greenish yellow soap having a strong odor, and, furthermore, the soaps 
are very soft, even the soda soap being pasty in consistence. Rape- 
seed oil consists principally of the glycerides of hrassic, rapic, and 
brucic acids. Like linseed oil it is a drying oil. 

Whale oil, also known as train oil, was once largely used for soap- 
making, but at present it is seldom employed for this ])urpose. It is 
obtained from the blubber of whales, and is a dark reddish colored 
oil with a fishy odor and taste. It requires about 13.5 percent of caus- 
tic soda or about 19 percent of caustic potash for saponification. The 
soaps are of a brownish red color and have a fishy odor; they are 
very soft, even the soda soap being of butter-like consistency. Whale 
oil is characterized by containing a considerable amount of valeric acid, 
a volatile acid of the stearic scries. 

4. Wool Oils. 

By wool oils are understood such oils or emulsions ^ added to the 
wool stock before carding or spinning for the purpose of lubricating 
the fibers, and enhancing the spinning qualities of the same. A dis- 
cussion concerning the necessary qualifications for a good wool oil 
has already been taken up in a previous section of this book. As con- 
siderable information may be deduced from the clement of cost of a 
wool oil as to its ])robable composition, it may be said that the cheap- 
est oils employed for this purpose arc the heavier grades of mineral or 
hydrocarbon oils obtained from petroleum and shale, and rosin oils: 
next in regard to cost are the so-called oleins obtained in the distilla- 
tion of recovered grease from wool scouring; this class is largely used 
and arc very serviceable for most purposes. Next in grade comes 
oleic acid obtained as a by-product in the manufacture of candles and 
glycerin ; it occurs in various degrees of purity, and, as a rule, makes 
a very good wool oil. The highest class, and most expensive as to 
cost, are the various animal and vegetable oils, such as lard oil, tallow 
oil, olive oil, cotton-seed oil, etc. Olive oil in particular forms the 
typical wool oil.^ One of the first considerations in a wool oil is the 

* Emulsions are largely employed for wool oils; they are generally prepared from neutral 
oils oieic acid, etc., with aqueous ammonia, solutions of soda ash or boiax, or a soap solu- 
tion Sometimes, in order to produce a more perfect emulsion, gum or gelatine-like substatKcs 
are ’added. These may be detected in such an emulsion by adding strong alcohol, which 
will cause the precipitation of these substances. ... , , . , , , , 

•Hurst recommends that where the price is a principal consideration, the best oil to 
employ for the oiling of wool stock, and one with which the risk of spontaneous combustion 
is reduced to zero while the firing risk is also slight, would be a mixture of 8o percent 
of good olive, lard, ncatsfoot, ot peanut oil with 20 percent of niinetal oil with a Hash 
point of 420® F. 
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readiness with which it is emulsified by alkalies and soap solutions; 
the mineral and rosin oils are not saponifiable and are rather difficult 
to emulsify; * the oleins also contain products which are not saponi- 
liable, and if the amount is excessive, it will retard the scouring action 
of the soap liquors employed for washing the wool ; oleic acid and the 
animal and vegetable oils arc easily saponified and emulsified, hence 
are easy of removal. In many cases wool oils are made by blending to- 
gether various oils, and thus fatty oils, oleins and mineral oils may be 
found together. Another important consideration in the selection of 
wool oils is the question of the spontaneous inllammability of the oiled 
wool, as in many cases wool or cotton oiled with certain oils and ex- 
posed to the air will gradually heat up, and finallv reach a sufficient 
temperature to ignite and cause serious fires.'^ Certain oils possess 
the property of absorbing oxygen from the air with considerable rapid- 
ity, and in doing so undergo chemical reactions which cause the de- 
velopment of considerable heat ; such oils are knowm as drying oils, 
because as a result of their oxidation they yield dry and hard films 
like varnish. This class includes linseed and poppyseed oils as the 
chief representatives. A second class of oils also absorb oxygen, but 
only slowly and to a limited amount, and yield only thick viscous 
films which do not completely dry or harden ; this class is known 
as semi-drying oils, and includes cotton-seed oil as its chief represen- 
tative. The third class of oils do not appear to suffer oxidation at 
all, or only to a very slight degree, and arc termed non-drying oils; 
this class includes olive oil, lard oil. etc.'* The hydrocarbon oils do not 
absorb oxygen at all, and consequently cannot cause spontaneous com- 
bustion, aivi it has even been shown that the mixture of mineral oils 
with fatty oils prevents the latter from causing wool or cotton to 
take firc.^ . . 

(a) Determination of Degree of Spontaneous ComhustibilityN- 
This is best estimated by the use of an apparatus devised by Mackay, 


* Morawski slates that as nimh as 8o paits of mineral oil yields a complete emulsion 
with ro paits of oleic acid and lo parts of a half percent soda solution 

“The fire insurance companies in Kngland Rive the follow mg schedules for wool oils- 
(a) free fiom any extra charge are olive oil (Gallipoli), l.inl oil, olein not containing more 
than 10 percent of unsaponifi.ahle matter, fish oil or a mainifaelured oil not containing more 
than 30 percent of unsaponifiabic matter, and having .i flash point of not under 340'’ F,; (h) 
a higher rate is charged for manufactured oils containing more than 30 pcrunt, hut not more 
than qo percent of unsaponifiabic matter; (e) a still higlur rale is charged for black (re- 
covered) oil containing not more than 50 percent of unsaponihable matter; (d) the highest 
rate is charged for manufactuied oils containing more than ^o percent of nnsaixmihable 

matter, or mineral oil, oil of pine, linseed oil, rape oil, cotton seed oil, or any other seed oil 

*Fox (Oil & Colorman's Jour., 1884. p. 234) h.as shown that linseed oil will absorb lyi 
c.c. of oxygen for each gram of oil, while olive oil will only absorb 8.3 c.c., and cotton seed 

T^^allc^tly obtained the following results by saturating a handful of cotton-waste with 
various oils, wringing out the supcifluous oil, and then placing the oily waste in a chamber 

kept at a temperature of about 150° which oxidation begins. 

Boiled linseed oil— one sample fired in 75 minutes, another in 105 minutes. 

Raw linseed oil— two samples fired m 4 and 5 hours respectively. 

Rape oil— sample over night was completely consumed, including box and waste. 

Olive, oil— two samples fired in 5 and 6 hours respectively. 

Lard oil — fired in 100 minutes. 

Sperm oil — did not ignite or char the waste, ^ • 1 -i 

Mineral oils— refused to ignite, and mixtures of 80 parts rape oil and 20 parts mineral oil 
and of 50 parts seal and 50 parts of mineral oil did not develop a temperature sufficient to 

^ The production of spontaneous combustion in oiled wool or other fibers, is governed 
by several factors, and the exact conditions of its development are not thoroughly known. 
The nature of the oils employed, of course, has perhaps first place in the consideration, the 
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the construction of which can be seen in Figure 299, To carry out 
the test, 7 gins, of bleached loose cotton are soaked with 14 gins, of 
the oil under examination and placed in the inner cylinder. The wa- 
ter in the surrounding water-bath is brought to the boil, the thermomc- 



biG. 299, — Mackay Apparatus for Testirift Spontaneous Conibiislion of Oiled 

Stock. 

ter is immersed in the cotton, and after one hour the temperature is 
read. ^ The boiling is continued until the thermometer no longer shows 
any rise in temperature, and the time for this maximum is also taken 
An oil which reaches the maximum temperature of over 200° (' 
before tlic expiration of two hours .should be regarded as dangerous; 
and in fact any oil which reaches a temperature of 100° C. before the 
expiration of one hour may be regarded as dangerous. From the rc 
suits of experiments it was found that fatty acids are more liable 

proportion of the oil to the niaten.'il has also considerable bearing on the question; also 
the volume of the oiled material for the Rreater the surface exposed to the oxidizinjf action 
of the air, the greater the liability to tombiistion; the presence of moisture has considerabh 
influence, for it has been found that the prcsmcc of a .small amount of moisture tends to 
promote spontaneous combustion rather than retard it; probably the moisture acts as a 
carrier of oxygen to the oil. or else the high specific heat of the water enables it to accumu 
late much heat, and so raise the general temperature of the mass. The temperature of 
the place where the oiled material is kept also exerts an influence, for the oxidation of the 
oils and the heating of the material is more likely to occur where the temperature is high 
than where it is low. 
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to cause spontaneous combustion than the neutral oils, while the ad- 
dition of a mineral oil lessens the tendency to spontaneous combus- 
tion.® 

Professor Ordway has also investigated the subject of the spon^ 
taneous combustion of oils, and has devised an apparatus as follows: 
The outer shell consists of a 6 in. wrouglit iron tube, which can be 
closed at each end by wooden disks. Inserted within this tube is an 
inner 4 in. tube of sheet iron, with overlapping metal covers at the end. 
There is thus left an air-space of one inch around the inner tube and 
one of three inches at each end. The apparatus is placed on a tripod 
stand and heated with a Bunsen burner. In carrying out the test, 50 
gms. of the oil are evenly distributed over 50 gms. of cotton-waste, 
and then carefully pushed into one end of the inner tube, and the bulb 
of a thermometer inserted into the ball thus made. A second ball of 
unoiled waste is placed at the other end of the tube, and a thermome- 
ter also placed within it. A third thermometer is inserted so that the 
bulb is in the middle of the inner tube between the two balls of waste. 
On heating the apparatus, the reading on the second thermometer in 
the oil waste should not rise above iw to 101° C., while the third 
thermometer should be kept at about 120° C.^® 

(h) Flash-point . — Place about 50 c.c. of the oil in a small porce- 
lain dish and heat on a sand bath over a Bunsen burner; constantly 
stir the oil with a thermometer, and from time to time bring a small 


• Mackay pives the following results of his experiments on various oils: 



Temp in 

Temp, in 

Maximum Temp. 




Oil used 

I hr “C. 

116 his “C 

''C 

Time 

Cotton-seed oil p *6 . 



242 

1 hr. 15 m. 

Cotton-seed nil pure 

I 2 I 

282 

284 

I 35 

Olive oil fatty acids . 

i '>5 


293 

1 55 

Olive oil fatty amis 

114 


196 

I 25 

White Australian olein 

103 

191 

230 

I 45 

Olive oil 

08 

104 

241 

3 25 

Olein 

98 

102 

1 10 

2 08 

Belgian, olein . , 

08 

100 

173 

3 16 

Olivo o’ll neutral ... 

98 

lOI 

235 

5 IS 


’0 Bishop (Jour. PJiann., i8y6, 55) gives the following nu thod for the determination _ of 
the oxidi/iability of an oil; As the oxidalion of the oil is greatly facilitated by the addition 
of a liltle manganese resinate (which is obtained from the commercial product by extraction 
with ])cti oleum ether). 5 to 10 grams of the sample of oil are mixed 2 percent of the 
resinate until the latter is completely dissolved. The solution (i J grams) is intimately mixed 
with r gin of calcined pure silica and exposed to the air at a leinpcrature of 17 to 28° C.; 
m the case of non drying oils, such as col/a and olive oils, the best temperature is 20 to 
.10° C. Weighings of the sample are taken at the end of 2, 6, and 16 hours, and a fresh 
surface is exposed after each weighing. The following numbers give the maximum per- 
centage' increase of weight given by the respective oils: 

Oil Density Percentage Increase 

Linseed (French) 0.9327 17.05 

Linseed (La Plata) 0.9.104 15.20 

Hemp-seed 0.9287 14.40 

Poppy-seed 0.934 14.20 

Nut Oil 0.924 13.70 

Cotton-seed (demargarified) 0.923 9.45 

Cottonseed 0.924 8.60 

Sesame (Senegal) 0.9215 8.70 

Sesame rtndian) 0.921 7.40 

Palm 0.916 6.70 

Palm (White) 0.916 6.50 

Colza (French) 0.914a 6.40 

Colza (Indian) 0.9137 5.85 

Olive 0.9155 5-30 
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flame towards the surface of the oil. That temperature is noted as the 
flash-point when there is a slight explosion or flash. The rise in tem- 
perature in heating the oil should not be more than 10° F. per minute. 
The flame for causing the flash may be very conveniently obtained 
by connecting an ordinary mouth blowpipe with the gas supply, and 
so regulating the flame at the jet that it is about the size of a small 
pea. In the progress of this test, besides noting the flash-point, there 
may also be noted the vaporizing poiiit and the burning-point. The 
vaporizing-point is the first to be observed, and it is that tempera- 
ture at wliich the vaixir of the oil begins to be observed; it is a^so 
known as the smoke-point. It is not considered of much importance 
as far as determining the fire risks of the oil; though oils with a low 
vaporizing-point (say of 150 to 160° F.) would be unpleasant to work 
with. The flash-point is the next to be noted, and is taken as above 
described. In making the test care should be had not to allow the 
flame to touch the surface of the oil. The higher the flash-point the 
safer will be the oil, as this marks the point at which an inflammable 
vapor is given off; 350*^ F. is considered quite a safe point, and there 
is no necessity to much exceed this, as far as wool oils are concerned. 
After the flash-point has been noted, if the heating of the oil is con- 
tinued, it will be found that the flashing becomes more continuous, 
and after a while, the flame instead of going out, will continue to 
burn. The temperature at which this occurs is the burning-point, or 
fire-test of the oil. In America this point is considered of much im- 
portance, as it has a very intimate relation to the liability of the oil to 
spontaneous combustion. 

(c) Determination of Amount of Mineral Oil . — This determina- 
tion is based on the fact that whereas the vegetable and animal oils are 
readily saponified by strong solutions of caustic alkalies, the mineral 
oils are not. To detect the presence of mineral oil in a mixture, a piece 
of caustic potash about the size of a pea is dissolved in 5 c.c. of alcohol, 
and then a few drops of the sample to be tested are added, and 
the mixture boiled for several minutes, after which 3 to 4 c.c. of dis- 
tilled water are added. If the solution remains clear only fatty oil is 
present, but if the solution becomes turbid, mineral oil is present. A 
quantity as small as 2 percent of the latter may be shown by this test. 
The amount of the mineral oil present may be estimated as fol- 
lows: 25 gms. of the oil are mixed with 10 to 15 c.c. of a caustic 
potash solution (68° Tw.), 25 c.c. of water, and 5 c.c. of alcohol: 
the mixture is boiled with constant stirring for one hour, by which time 
the fatty oils will be saponified. The mixture is then placed in a 
separatory funnel, some warm water and 25 c.c. of petroleum ether 
added. The whole is shaken for several minutes, then allowed to 
stand, when it separates into two layers ; the upper layer consists of 
the petroleum ether containing the mineral oil in solution, while the 
lower or aqueous layer contains the saponified fatty oil. The latte^' 
is run off, water is added, the mixture shaken up and again allowed 
to stand, after which the lower aqueous layer is again run off. Thi' 
washing is repealed until the aqueous layer is clear. The ethereal so 
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lution is then poured into a wcij^hed glass and evaporated on a water- 
bath, and finally the residual oil is weighedd^ 

(d) Saponification Test . — This is a rather important test, as it 
may lead to some idea as to the probable composition of the oil. It 
refers to the percentage of the oil which may be saponified by alkalies, 
and is carried out as follows: 2 gms. of the oil are weighed in a 
flask, and 25 c.c. of a N/2 solution of alcoholic potash are added; the 
flask is litted to an inverted condenser, and heated on a water-bath until 
the oil is thoroughly saponified. To hasten the action, the flask is 
shaken from time to time. After the saponification is complete, the 
flask is removed and the contents are allowed to cool. A small (pian- 
tity of phenolphthalein solution is then added, and the liquid is titrated 
with a N/2 solution of sulfuric acid, until the red color of the indi- 
cator disappears. A blank test on the potash solution is now made by 
boiling 25 c.c. in the flask for half an hour, and then titrating the con- 
tents with the acid as before. The difference between the two amounts 
of acid used gives the quantity of potash required to saponify the oil. 
This quantity multiplied by the factor 0.028 gives the amount of caus- 
tic potash, KOH, in grams, and this multiplied by 100 and divided by 
the weight of the oil, gives the weight of caustic potash required to 
saponify 100 parts of the oil. 

Horwitz gives the following method for analyzing oil emulsions 
for wool : Two grams of the material are weighed in a flask and 
extracted for a couple of hours with frequent shaking with ether-alco- 
hol mixture. Any sodium carbonate present will remain undissolved, 
and is collc^cted on a tared filter, and dried and weighed. The fil- 
trate is divided into two parts, one of which is evaporated to dry- 
ness, giving the fat, while to the other portion hydrochloric acid is 
added in excess, and the ammonia present is precipitated with platinic 
chloride; the ammonium-platinic chloride is filtered off, dried, ignited 
and weighed as platinum, from which the amount of ammonia may he 
calctdated. The water is calculated by difference, or determined by 
drying a portion of the emulsion at 120° C. and subtracting the am- 
monia found.^^ 

Oils that resemble olive oil require, as a rule, from 19 to IQ.5 pci- 
cent of potash, rape oils from 17 to 17.6 percent, drying oils from 18.5 


” Birl (ArrJik’. dcr Pharm , vol. 22<^, p. .^lo) tjives tlic following method for deterniinim; 
mineral oil in a vegetable oil (more espeeially in olive oil)’ Dissolve 6q grams of caustic 
potash in one liter of 05 ptreent alcohol, and the solution is made of such a strength 
tliat 10 c.c. are neutralised with 10 c c of normal snlfnric acid; ro grams of the oil 
to be examined are boiled for 10 minnlis in a porcelain dish with c c of the potash 
.solution; water is then added until the volume is 100 cc The mixture is again warmed 
with shaking, whereon the soap formed goes info solution, and then titrated with normal 
acid using phenolphthalein as the indicator Pure oils requite fi c c. of acid (with the ex- 
ception of castor oil and the oils from the c^unfera, which require from 7 to 8 c.c.); 
vegetable oil with 10 percent of mineral oil requires 8 cc; with 20 peicent of mineral 
oil II c.c. of acid. 

The amount of w'atcr and dirt present in wool oils is a factor in their analysis which 
should not be overlooked. They may be ditermined in the following manner: 20 gms. of 
the well-mixed sample are dissolved in about 100 c.c. of petroleum ether, and the solution 
is then allow'cd to stand for one hour, after which it is filtered through a weighed filter, 
taking care to allow no drops of water to pass on to the filter with the petroleum ether. 
Both the filter and the flask in which the oil was dissolved are washed several times 
with the petroleum ether, and then carefully freed from the solvent by evaporation, and 
weighed; the water is afterwards driven off from the fla.sk and its quantity and the amount 
of the dirt determined by reweighing. (Hunig and Spit/-, Zcit. f. angezv. Chem., 1891, p. 565 ) 
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to 19 percent, whale oils 18.75 percent, solid fats like tallow 19.25 to 
19.8 percent, butter 24 percent, and sj)erm oils from 12.3 to 14 percent. 
If the oil contains any large amount of mineral oil, this would be 
shown by an abnormally low saponification test, and it is possible to 
calculate the approximate amount of such adulteration by multiply- 
ing the percentage of caustic potash obtained by 100 and dividing by 
19, which would give the percentage of fatty oil present, and the dif- 
ference between too and this figure would give the approximate per- 
centage of mineral oil. 

A good wool oil should contain a minimum amount of free acid ; 
in general there will hardly ever be found any appreciable quantity of 
mineral acid present,’^ and this is only liable to occur in low-grade oils 
wiiere sulfuric acid has been used in the processes of recovery and has 
been completely removed.’^ The presence of free acid in a wool oil 
is especially objectionable on account of its corroding action on the 
cards which also results in a considerable amount of iron being de- 
posited in the fiber. This is afterwards difficult to remove by the 
usual methods of scouring and gives rise to many faults in dyeing. 
Certain oils are especially liable to contain free fatty acids, and these 
should be avoided in the preparation of wool oils. 

(e) Estimation of Free Fatty Acid in IVool Oils , — Most of the 
olive oils from southern Europe contain as little as 5 percent of free 
oleic acid. These may be used for the finest classes of wool with 
safety. Even oils containing up to 8 or 9 percent of free fatty acid 
give good results, but above that there is danger of clogginess ; the 
acid also has a bad effect on the pins of combs and fallers thus costing 


Mineral acids are only accidentally present in fixed oils, and nsually exist in very small 
proportions Mineral acids may be easily recognized by agitating the oil with warm water, 
separating the aqueous layer, and testing it with a solution of Methyl Orange, which 
will give an orange or red coloiation if any niiiural acid be present. The nature of the 
mineral acid, which is most commonly sulfuric, can then be asccilaincd by testing the 
aqueous liquid with barium chloride, which will give a white precipitate in the presence of 
sulfuric acid; with silver nitrate, which will give a white pucipit.itc if liydt oclilonc acid is 
jnesent. (Allen, Comm. Org .-lual, vol II, part 1 , ji 140) 

’‘Animal fats when freshly pr< pared, contain but infinitesimal quantities of free fatty 
acids, and may, therefore, for practical purposes, be considered as consisting of absolutely 
neutral glycerides Fats of vegetable origin, however, mostly contain notable amounts of 
free fatty acids Experiments by Reclunberg (Bcrichte, 1881, 2217) have shown that unripe 
seeds contain consieh rably Inrgtr quantities of fiec acids than npe^ ones. The amount 
of ftc( fatty acids in vigetabh fats increases on kteping, tins is espeelally noticeable in the 
case of palm oil. winch grailually d<compos(s on standing for some tune into fiee fatty acids 
and gbccrin. Fresh cotton-seed oil is eompktily fiei fioin fatty acids, owing to its being 
refund bv nicani of eaustu alkaln s f I .c w k' o. its< li, I'nls and ll mev, p so ) 

Nurdlingcr (Jour. Soc Chem. hui , 18S0. p f8s) givi s the following table for tin 
amount of free fatty acids in \anous v< gitahU oils, the perccntagi s being calculated on e 
basis of ok 1C acid. 


Oils and Fats 

Rape 

Percent of Free Fatty Acids 
Mm Max Mean. 

.... 0 S- f -2^ 2.88 

a 87 27.16 12.97 

Popp, -seed 

Araehis 

I -’87 

J 58 

7 17 

17.73 

10 61 

33 13 

15.37 

6.52 

J7-94 

Colton scecl • • • 

... 0 42 

0 f.a 

0 50 

18.61 

0.46 

9.28 



4.19 

1.57 



56.45 

Palm-nut 

Palm (old sample) 

3 30 

17.65 

6.91 

50.82 



14.35 

7.92 



28.54 

'""xiie oils described m the .above table arc commercial grades; 
as a rule, show a much smaller amount of free fatty acids. 

salael and 

extracted 
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mare in the end than the difference between a good and bad oil. Oils 
showing over 8 percent of free fatty acid should be rejected for 
worsted - tops, but even these can be used on lower grades of wool 
stock, hree fatty acids have an acid reaction in alcoholic solution, 
while neutral fats have not.^*’* Therefore the free acid may be esti- 
mated in the following manner: About 5^ S*^^*^* ^^1^ ^’il placed in 
a stoppered flask together with 100 c.c.^of neutral mclliylnted alcohol 
containing a little phenolphthalein and the liquid is raised to tlic boiling 
point by immersing the flask in hot water. 'I'lie contents of the flask 
are well shaken in order that the solution of the fatty acids may be as 
complete as possible. If the oil be entirely free from acid, the pink 
color of the liquid will remain unchanged, but if fiee acid is present it 
will have di'^appeared. If the latter is the case, the Ikiuid is titrated 
with a N/2 solution of caustic soda. The latter should be added in 
small amounts to the warm contents of the flask with thorough agita- 
tion after each addition until the pink coloration persists after vigorous 
shaking, h.ach c c. of N/j caustic alkali corres[)onds to 0.128 gm. of 
palmitic acid, or to 0.142 gm. of stearic acid, or to 0.141 gm. of oleic 
acid. When only a small amount ol free acid is present it is best to 
use a N/io solution of alkali. 1 he jiresencc of soap and hydrocarbon 
oils docs not interfere with this reaction.^* 

5. Testing of Olive Oil. 

As this oil is extensiveU used as a wool oil, and as it also is sub- 
ject to considerable adulteration, esi)ecially with cotton-seed oil, it 
will not be going beyond the province of this subject to give a few 
tests for us j)urity. io determine if a sample of olive oil is adulter- 
ated with (.otton-seed oil, a portion of the oil is shaken with an equal 
measure of nitric acid of .sj)cciric gravity 1.37, when a coffee-brown 
coloration is produced if cotton-seed oil is present. This test will in- 
dicate with ease the presence of as low as 2 to 3 percent of cotton-seed 
oil, especially if the test is made side by side wilh a sample of pure 
olive oil for comparison. The presence of rape-seed oil in olive oil 
with the same test will give a yellowi'-h brown color. Another test 
known as Bccchi’s test for cotton-seed oil is as follows: Two re- 
agents are prepared, (I) i gm. silver nitrate, 200 c.c. alcohol, 40 c.c. 
ether, o.i gm. nitric acid: and (If) 100 c.c. amyl alcohol with 15 c.c. 
colza oil. To carry out the test, 10 c.c. of the oil under examination 
are mixed in a test-tube with i c.c. of reagent I, and then shaken with 
IO c.c. of reagent II. The mixture is divided into two equal portions, 
one of which is put aside for future comparison, while the other is 
immersed in boiling water for about 15 minutes. The heated sample 

Free fatty acid in an oil may be detected by shakiiiR the s.-imple with alcohol, and 
adding an alcoholic solution of Ic.id acel.ate to the liquid. If any notable quantity of free 
fatty acid is present, a white prccii)itate will lesult. Rosin and soap, however, produce the 
same reaction, hence this test is not .ipplicable in the piescnte of these latter bodies. (Allen. 
Comm. Org, Anal, vol. II, part I, p. 140) 

, ” II resin acids, however, are present in the sample, they will also be estimated bv 
the above process as fatty acids. If resin .acids are present, they may be separated from 
the^ free fatty acids by a variety of methods. One method depends on the solubility of the 
barium salts of the resin acid in alcohol. Oladding’s method of separation depends on the 
ready solubility of silver resinate in ether, whereas Uic silver salts of the fatty acids are 
insoluble in that reagent. 
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is then removed and its color compared with that of the other sample. 
The presence of cotton-seed oil is indicated by a reddish brown colora- 
tion in the heated sample.^^ 

Horwitz recommends the following lest to detect the presence of a 
drying oil in olive oil: A well-cleaned copper wire is placed in a mix- 
ture of 2 c.c. of nitric acid and 5 c.c. of the oil; the mixture is then 
stirred with a glass rod, and the wire is withdrawn after a half hour. 
In the presence of a drying oil, the wire will have a pink shade. 

The following tests have been recommended for the detection of 
adulterations in olive oil: (a) for linseed oil; add 2 c.c. of nitric 
acid to 5 c.c. of the sample, and introduce a piece of bright copper wire 
into the mixture; if the wire acquires a rose color after half an hour 
linseed oil is present, (b) For cotton-seed oil, mix a sample of the 

011 with an equal volume of concentrated nitric acid, wlien a brown 
color indicates the presence of cotton-seed oil. (c) For sesame 
oil, to a sample of the oil add an ccjttal quantity of concentrated hydro- 
chloric acid and a fragment of cane sugar; if after shaking and staiid- 
ing, a red color is developed, sesame oil is ])resent.^'’ ((1) For col.:a 
oil, saponify 10 gms. of the oil with an alcoholic solution of caustic 
IK>tash, when a darkening of the color will show that colza oil is pres 
ent. (e) For peanut oil, the oil is sajionified with alcoholic potash so- 
lution, and, the separated soap is warmed to free it from alcohol; it 
is then decomposed with hydrochloric acid, and the liberated fatty 
acids are dissolved in boiling alcohol; the separation of arachidic acid, 
which is recognized by its mother-of-pearl luster, will indicate the 
presence of peanut oil.^'® 

rend \ol tij, p m;) (xunds this ti st to the (h tcctpjii nf otlur 
impurities in olive oil He uses a solution containing ;:5 parts of silver nitrate dis- 
solved in 1000 parts of percent alcohol; s c t. of this solution hcing added to about 

12 c c. of the oil under examination whuh should he filtered if not (piite dear. Tlie test tube 
containing the mixturi' is tlun luated in boiling watir and the iltect ohservid. The following 
table of reactions is given: 


Kind of Oil 


Vtigm olive oil 

Olive oil of 2nd and 3rd pressures, containing 
some olive-keriul oil 

Olive oil of inferior quality, strongly colored 

Cotton seed oil, pure. 

I’eanut oil. 

Sesame oil 
Kajie-seefi oil 
Poppy seed oil. 


Color Reaction 

P.right gret-n 

Darkens slightly, quickly changing to intense 
gi ec n 

Same ns previous oil. hut takes longer. 

(is to 29 mins) 
niack. 

Brownish red, greenish as it loses trans- 
|)arf ncy 

Dark reddish brown, not changing to green. 
Greenish yellow, then opaciiie 
.Same as preceding. 


Brulle states that it is possible with practice, to dcteinnnc in many cases, thus 
colorimetrically, 5 to 10 percent of one of these oils in a mixture. Wc believe, however, 
that such a method of analysis would have its accuracy based on the intuition of long 
experience rather than on the definiteness of the reactions themselves. 

Lalande and Tambon {Jour. Pliartn. C/um., vol 23, p. 234) consider this test as 
unreliable, and propose the following: 15 c.c. of the oil are shaken up in a test-tube for a 
couple of minutes with 5 c.c. of colorless nitric acid of sp. gr 14; a yellow coloration of 
the acid on settling indicates the presence of sesame oil. Olive oil, peanut oil, and cotton-seed 
oil leave the acid colorless. 

^"Kenard’s method {Zett. f. Anal. Chem., 1873, p. 23) for the determination of peanut 
oil in olive oil is as. follows: 10 gms. of the oil are saiionificd, the fatty acids are precipitated 
by the addition of hydrochloric acid and dissolved in 90 percent' alcohol. From this solution 
the lead salts are precipitated by the addition of lead acetate. The precipitate is extracted with 
ether, which dissolves the oleate, and leaves a residue consisting mainly of lead palmitatc 
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1 he following test for the purity of olive oil has been proposed 
by Aiidoynaiid : 2 c.c. of the sample are placed in a test-tube with 

o.i gill, of powdered potassium bichromate and shaken for several 
minutes; then a mixture of nitric and sulfuric acids is added until the 
total volume is about 4 c.c., when it is again shaken, whereby the oil 
becomes a reddish brown. After standing for 2 minutes, the volume 
is brought to 5 c.c. by the addition of ether, and then again shaken. 
After a few minutes a violent effervescence takes place, nitrous fumes 
are evolved, and the oil rises to the surface with a characteristic colora- 
tion. Pure olive oil will have a green color, but if the oil contains at 
least 5 percent of sesame oil, arachnis oil, cotton-seed oil, or poppy-seed 
oil, the coloration will be yellowish green to yellow or even orange.^' 
In order to better observe these colors water is added, and the color is 
permanent for some hours. 

Milliau'^^ proposes the following melhods for the testing of the 
purity of olive oil. Ihe detection of cotton-seed od is based on the 
reducing power of the fatty acids of this oil, a property entirely want- 
ing in the fatty acids of olive oil. In a porcelain basin of about one 
liter capacity, 15 c.c. of the oil to be examined a^p heated to Tro° C. 
At the same time 15 c.c. of an aqueous solution of caustic soda of /(f 
Tw. are slowly added and 15 c.c. of 95 percent alcohol. When the 
mass on boiling becomes homogeneous, a sign that the sajignification is 
com])lete, about 500 c.c. of distilled water are gradually added so as 
not to lower the temperature of the jiaste, nor to make it thick. Aft(‘r 
boiling for a few minutes the fatly acids are sejiarated by the ad- 
dition of a 10 percent solution of sulfuric acid. When the separa- 
tion is (.ompletc and the sulfuric acid is in slight excess, 5 c.c. of the 
fatty acid^ arc removed with a silver spoon to a test-tube; jo c.c. of 
95 per cent alcohol are added, and the tube is heated on a water-bath 
until the fatty acids arc dissolved, then 2 c.c. of a solution of silver 
nitrate (30 gms. of the salt per 100 c.c.) are added, and the tube is 
heated on a water-bath till about one-third of the contents have evaiKi- 
rated. If the olive oil is pure, the fatty aci(K remain unchanged; if, 
however, cotton-seed oil be i)resent, no matter what proportion, the 
silver reduced to the metallic state blackens the fatty acids. This re- 
action is very delicate. 

and arachidatc These .aic decomposed with lijdiodiloiie .acid, and the fatty acids arc dis- 
solved in 50 c.c. of warm Qo percent alcohol, and caicfiilly ciyslallizcd. The arachidic acid 
which separates out is filtered off and washed with 70 iieuent alcohol It is then dissolved 
off the liltcr with hot alcohol, and hi ought into .1 tai ed filter finni which the alcohol is 
evaporated, and the acid may then be weighed Note sliouhl lx taken of the amount 
of the acid dissolved hy the alcohol used in washing. 

Compt. rend., vol. 10 1, p. 7.S2 

^*Wilh respect to the adulteration of olive oil w’lth otlici v( gctahle oils, Peters (Arch. 
Pharm., 1888, 322) makes the following (disci vations: (a) 'flic melting point of the mixture 
of insoluble fatty acids obtained by saponification of the oil with hydrochloric or dilute sulfuric 
acid IS determined; in pure olive oil this should be between 24“ and 29° C ; if above 29“ C 
cotton seed oil is present; if below 24" C. linseed, poppy, ot castor oil is present, (b) The 
different solubilities of the fatty acnls in 90 jierccnt alcohol; such .a solution of the fatty 
acids from cotton-scccl or jicamit oil solidifies at so that if these oils be present 

in olive oil, the alcoholic solution of the fatty acids will become turbid at 15° C. 

Montt. Sclent., j888, p. 366. 

** The following tests with sulfuric acid arc useful for delecting adulterations in olive 
oil used for a wool oil: 

(i) Place 10 drops of the oil to be tested in a colorless glass vessel and in the center 
drop a small drop of sulfunc acid. If the oil is pure it will assume a pale yellow ap* 
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The presence of iron may be detected in olive (or other oils) in 
the following manner: About 10 c.c. of the oil are shaken up in a 
test-tube with an equal quantity of water acidified with sulfuric acid 
and containing a few drops of a solution of potassium ferrocyanide. 
A few c.c. of ether are then added and the mixture shaken up again 
The oil dissolves in the ether and floats on the surface of the water; 
if iron is present a layer of Prussian Blue forms at the border line 
between the two liquids. By comparing the depth of color with 
similar tests on the same amounts of liquids containing definite amounts 
of iron a quantitative estimation of the amount of the latter in the 
sample may be obtained. 

6. Testing of Olein. 

Olein is rather extensively employed in the preparation of wool 
oils ; it is generally valued by determining its percentage of fatty 
acids. This may be done in the following manner: Heat 10 gms. of 
the sample with 25 gms. of white wax and 75 c.c. of a cold saturated 
solution of common salt, in which tlie liberated fatty acids nre prac- 
tically insoluble. When cold the resultant cake should be dried be- 
tween filtered paper, and then gently heated until all trace of water is 
removed, and then weighed. 

pearance which Rradually changes to a yellowish green. If poppy oil is present a deep 
yellow color will be formed which at length becomes almost opaque. 

<2) By the same test rape oil produces a ring of greenish blue around the drop of acid, 
with some light yellow brown streaks in the center. 

(3) If linseed oil is present it becomes almost black. 

(4) Whale oil, when the acid is dropped in, produces a movement in the center 
gradually extending and at length shows a red tint with violet edges 

(5) If lard or tallow is present the liquid acquires a ekcidcd brown shade. 

(6) To detect the presence of cotton-seed oil, pour some clean water into a shallow 
vessel, and then let one drop of the oil to be tested fall into it. Puic olive oil will at once 
break into fragments. A sheet of white paper is gently laid on the surface of the liquid, 
and if held up to the light will show a rose-shaped webby figure. If cottoii-seed oil 
is present the figure will be blurred. 



Chapter XXX. 

Testing of Materials Used in Bleaching; Soaps. 

I. Soaps. 

Soaps arc compounds prepared by treating an oil or fat with an 
alkali. Chemically considered, they consist of the alkali salts of cer- 
tain fatty acids. The alkalies which may he employed for soap-mak- 
ino^ are caustic soda and caustic potash ; the former yields soaps which 
give a curd capable of being crystallized, and hence arc hard, while 
the latter gives soaps of a pasty character, which are not crystalline 
in structure and arc called soft soaps. Ammonia might be used as 
the alkali for soap-making, but the ammonium soap formed is not very 
stable as the alkali is of a volatile nature, and hence the soap is liable 
to gradual decomi)ositi()n with the liberation of ammonia and the for- 
mation of free fatty acid ; ammonia soaps would also he too expensive 
for general purposes. The compounds of the fatty acids with other 
bases such as lime, alumina, etc., are insoluble in water, and hence 
cannot he u.scd as soaps. 

The fats and oils which may he used in the making of soaps are 
numcrou;. and varied. The only real diflference between an oil and a 
fat is one f-f melting point, the oils being lic|uid at ordinary tempera- 
tures, whereas the fats are solid or pasty. Oils and fats, both of ani- 
mal and vegetable origin, consist chemically of compounds of glycerin 
with various fatty acids. Glycerin is a tri-hasic alcohol and acts to- 
wards an acid in the manner of a mild base. The fatty acids are 
analogous to acetic acid, only of higher molecular weight: they are 
greasy insoluble substances of a mildly acid character. The fatty acids 
which occur in greatest amount in the oils and fats are palmitic, stearic, 
and oleic acids. The glycerides, or compounds of glycerin with these 
acids, are known respectively as palmitin, stearin, and olein. As glyc- 
erin is a tri-hasic alcohol, the glyceride consists of a combination be- 
tween three molecules of glycerin with one molecule of fatty acid. 
Nearly all of the fats and oils contain the three glycerides in varying 
proportions: and it is this difference in the relative amounts of the 
three glycerides present that causes differences in the character of the 
fats and oils. For instance, in olive oil, olein predominates ; in tallow, 
stearin predominates ; and in palm oil, palmitin predominates. Besides 
these three glycerides mentioned, each oil or fat also has small amounts 
of other glycerides of various fatty acids, which give the characteristic 
taste, odor, etc., to the particular fat or oil. 

When a caustic alkali acts on an oil or fat, the glycerides are de- 
composed with the liberation of glycerin and the formation of an alkali 
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salt of the fatty acid, i.e., a soap. The reaction may be represented in 
the following manner : 

Fatty acid + glycerin -j- alkali ~ fatty acid + alkali + glycerin. 

^ ^ V ^ 

V Y 

Fat or oil. Soap. 

House-fat recovered from garbage is also employed extensively for 
the making of high-grade soaps. In the manufacture of candles 
from tallow, the solid stearin is separated from the liquid olein; the 
former is utilized for candles, while the latter is converted into soap, 
and forms an excellent stock for this purpose. It is also extensively 
used for the oiling of wool. Soaps are also made from the recovered 
grease obtained from scouring liquors; as a rule, this material can 
only be made into a very low grade of soap, unless well purified before 
saponification. Rosin is also capable of being used as a soap stock as 
it combines with alkalies to form a saponaceous body in a manner simi- 
lar to oils and fats. Rosin, or colophony, is the residue left after dis- 
tilling oil of turpentine from natural rosin. It is seldom employed by 
itself for soap-making, but is only added in small amounts to other 
soap stocks; most of the .so-called bar soaps contain varying amounts 
of rosin. It gives a dark brown color to the soap, which also retains 
its peculiar resinous odor. Hie use of rosin in scouring soaps is a 
mooted question, but no esjiecial benefit can be seen in its use; whereas, 
on the other hand, it is liable to form insoluble products which are 
difficult to remove from the fibers, it being especially sensitive to hard 
water. Hence its- ])resencc in a textile soap, for woolen material at 
least, should be regarded as an adulteration. 

A good scouring soap should be free from filling materials of all 
kinds, among which may be listed silicate of soda, flour, starch, etc. 
These are added for the purpose of giving an apparently hard dry 
soap, which may be loaded down with an excessive amount of water. 

The consensus of opinion from the best authorities on the sub- 
ject is that a good scouring soap should be neutral ; carbonated alkali 
is cheap compared with soa]), and if its addition is desired by the 
scourer it can be added in the proper amount to the scouring bath when 
needed. Hie manufacturer in buying soa{) should not be made to 
pay a soap price for an accompanying amount of carbonated alkali. 
The soap should be especially free from caustic alkali, for reasons 
which have already been thoroughly discussed. It should not con- 
tain any unsaponified fat or free fatty acid, as just so much of the 
soap is needed to emulsify this, and hence it will be the less efficient 
in scouring. It should also be free from rosin, mineral oil, and all 
other unsaponifiable matter ; and finally it should be free from sodium 
silicate and any other filling material. 

Olein soap, unless manufactured from purified stock', is very apt 
to contain petroleum and mineral oils, which do not saponify. It is 
also liable to contain iron which gives it a blackish color; this is due 
to the practice of allowing the olein to cool and settle in iron vessels. 
Olein also dissolves lead, and this is liable to give the material scoured 
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with it a grayish color, which is very difficult to subsequently remove. 

Soaps prepared from potash as the alkaline base are much more 
soluble in water than the corresponding soaps prepared from a soda 
base. The best potash soaps, however, will only contain about 44 
percent of fatty acid, whereas a good soda soap will contain as much 
as 66 percent of fatty acid. As the percentage of fattv acid present 
in a soap may be taken as a measure of its strength, it will be seen 
that a potash or soft soap has about two-thirds the strength of a 
soda or hard soap, and on this basis the potash soap is much more 
expensive than the soda soa]). Although the soaps prepared from 
different oils will have ditYerent degrees of solubility, it may be stated 
in general that soda soaps on an average will require about i(x>o parts 
of water to dissolve 20 parts of soap. 

It is said that the solubility of soda soaps may be increased by 
the addition of small (juantities of crcsol ; 20 parts of soda soap mixed 
with 5 parts of cresol, it is claimed, will dissolve in 100 parts of water 
at 105° F., and furthermore, this solution may have added to it 125 
parts of a to iiercent solution of soda ash without precipitation of 
the soap. A mixture of 20 parts of soda soap (with 66 percent fatty 
acid) with 5 parts cresol is said to be equivalent in scouring value 
to 30 parts of j)otash soap (wuth 44 percent fatty acid), and that the 
cresol is not more costly than the soap; it is even said that the cresol 
adds to the scouring of the soap, by itself being a detergent.^ 

2. Manufacture of Soap, 

Hard soap may be made by one of three general processes : 

(a) F)^ boiling the oil and alkali together under ordinary pressure. 

(b) Hy boiling the oil and alkali together in closed vessels, and 
under pressure. 

(c) By mixing the oil and alkali at the ordinary temperature, 
which gives the so-called cold process soap. 

The first method is the one most commonly employed, and it is also 
the usual method for the manufacture of soft soap. The boiling of 
the oil and the alkali is continued until the former is completely 
saponified, that is, converted into soap. The point at which this 
occurs is usually determined by dissolving a sample of the product in 
water, w'hen, if it is completely soluble without leaving any residue 
of oil, the process is judged to be finished. In the case of hard soaps, 
after the saponification is comi)letcd, the melted mass of soap is run 
into a saturated solution of common salt, and as the soap is insoluble 
in this solution, the curd separates out from excess of alkali, water 
and glycerin. The curd is collected, melted, and east into bars or other 
forms as desired. The salt liquor remaining is known as spent lye 
and is further treated for the recovery of the glycerin it contains. 

It may be roughly stated that too pounds of oil or fat will require 
about TOO pounds of caustic soda lye of 32° Tw. for a complete saponi- 
fication by this method, though some oils, like cocoanut oil, wall re- 
quire more. In the practical manufacture of hard soap by this proc- 

^ Rascliig, Gcr. Pat. 86,560 of 1895. 
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ess it is customary to start with a lye of about io° Tw., about 3 gal- 
lons being used to each 100 lbs. of fat, and frequently a small amount 
of scrap soap is added for the purpose of starling the saponification. 
After the first lot of fat and lye have been well boiled together, a lye 
of about 18° Tw. is added in the pro])ortion of 10 gallons for each 
100 pounds of fat. Tn the last stages of the boiling a still stronger lye 
of about 25° Tw. is used. 

In the process of soap-making by boiling under ])rcssure, the fat 
and alkali are simply boiled for several hours at a pressure of about 
60 to 65 pounds, after which the melted mass is run out and cooled. 
As there is no salting out, the soap contains all of the ingredients, con- 
sequently, in order to work this process successfully, it is necessary to 
use just the proper amounts of fat, alkali and water. 

The cold process of soap-making is very simple in procedure. The 
fat is melted and mixed with a strong lye and allowed to stand until 
saponification is complete, when the soap is ready for use. The saponi- 
fication by this process requires several days but the cost of the opera- 
tion is cheaper than with the other methods, and the yield of soap is 
larger, as all of the material u^ed in its manufacture remains therein. 
As it is almost impossible, however, to secure complete saponification 
of all the fat used in this process, the soap so obtained always contains 
more or less free fat, and it will also, as a rule, contain a considerable 
amount of free alkali. The presence of the free fat may lead to the 
soap becoming rancid, and such a soap possesses the additional disad- 
vantages of '‘sweating” and drying up when c\p{)sed to the air. 

Cold-process soap dissolves, however, more freely in water than 
boiled soap, and consequently lathers better; it is also more desirable 
for use with hard water. Cocoanut oil is largely used for the making 
of cold-process soap, owing to the fact that it saponifies very easily 
with concentrated lyes, and yields a soap of good color that dissolves 
readily and lathers well. Tallow, palm oil, and castor oil are also ex- 
tensively used for the manufacture of cold-process soaps. The fat or 
oil used in the making of a cold-process soap should be fresh and pure 
and free from uncombined fatty acids. The alkali should also be of 
the best grade, and it is usually cm[)loyed at a strength of 70 to 72° 
Tw., and containing 32 to 33 percent of actual caustic soda. Cocoanut 
oil and cotton-seed oil saponify best with a lye of 72° Tw., while tal- 
low, palm oil, and some other fats, work best with a lye at 66° Tw. 
If cocoanut oil is used, 100 pounds of the oil will require 50 pounds of 
lye at 72° Tw. ; cotton seed oil will require somewhat less ; tallow, palm 
oil, and other fats require about 50 pounds of lye at 66° Tw. On the 
above basis the finished soap should contain about 25 percent of water. 

Soft soaps, as already mentioned, are made from caustic potash; 
their method of manufacture being very simidc. The fat or oil is 
boiled with the alkali until sai)onification is complete, after which the 
soap is run out and allowed to cool, when it is ready for use. Though 
the process is rather simple in ])rinciple, yet it is difficult to carry out at 
times in ])ractice. The ])rineipal oils used for the manufacture of soft 
soap are linseed oil, whale oil, cotton-seed oil and olive oil. Linseed 
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oil saponifies readily, and gives a good, pale, transparent soap, free 
from odor, l^ish oils give dark colored soaps with a lishy odor. Cot- 
ton-seed oil gives a good, pale, transparent soap. Olive oil yields a 
dark green colored soap. Tallow is sometimes added in small quanti- 
ties to soft soaps in order to make them “fig.'’ 

A fig soap is one which has small granules resembling fig seeds 
throughout its mass, hence the name. It is said to be due to the pres- 
ence of sodium stearate which crystallizes out when the soap becomes 
cool. The lower grades of cotton-seed oil and olive oil contain large 
proportions of sU'arin, and are liable to “fig” strongly, whereas the 
better grades of oil give clear, transparent soaps. 

White soft soaps may be prepared from tallow and cocoanut oil, 
with lard or other fat, giving a white soap. In the making of soft soap, 
as a rule, too pounds oil will require about 200 pounds of caustic 
potash at 32'' Tw. A good soft soaj) should contain about 42.5 percent 
of fatty acid, 10 percent of potash, and 47.5 percent of water. Soft 
soaps are sometimes cheapened by the addition of rosin, in which case 
it is best to saponify the rosin by itself, and then add the rosin soap so 
formed to the soft soap. In the making of rosin soap, 100 lbs. of rosin 
are boiled with 50 pounds of soda crystals (NaoC(J,iol LO) dissolved 
in a small (juantity of water. Ihe amount of rosin which may be 
added to a soft soap is from one-seventh to one-tenth that of the fat 
used.-' 

The following table summarizes the characteristics of the soft 
soaps produced wilh different oils: 


Oil. 

Linseed oil 
Whale oil. 
Cotton-seed oil. 


Olive oil. 

Lard. 

llcnip-seed oil. 
Cocoanut oil. 
Tallow. 


vSoa)). 

Dark amber color, with iilcasant odor. 

I)ark reddish color, with fishy odor. 

(lolden to amber color, varying with refinement 
ot oil; '110 odor wlieii freshly prepared, but 
apt to become rancid rin keeping. 

Amber to grcenisli color, of fine ipiality. 
f ine white soap. 

Hrecn color, 
h'me white soap. 

Stiff white soap, apt to “fig.” 


1 he following table gives the scouring jiower (or water-softening 
power) of various soajis : 


Soap made from 

Pure stearic acid 

Pure oleic acid 

Lard oil 

Tallow 

Bone fat (on too percent fat) 

Myristic acid 

Olive oil 

Rosin I part, tallow 3 parts 
Cotton-seed oil 


Scouring Power. 

100.0 

100.0 

96.0 
95 .f) 

95.6 
93-3 
93.^2 

924 

87.0 

^Accorchnfj to Tlicis iSlrani^hlcu he) a rcMii so.ip Miit.ihle for ku'i'boihtig of cotton is 
made by boiling loo parts of lo.sin and p.aits of caustic soda with i.ooo parts of water. 
Use indirect steam for heating and boil for 4 to 5 houis From carefully conducted experi- 
nunts in iho washing of cloth it has Iiecn shown that the iisc of soaps without rosin gives 
the purest white. Trolman also claims that soaps containing sodium silicate give an inferior 
white as compared with those prepared from pure fatty acids. 
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Soap made from 

Palm oil (crude) 

Palm oil (bleached) 

Neatsfoot oil 

Rape oil 

Cocoanut oil 

Araclinis oil 

Maize oil (corn oil) ... . 

Butter fat 

Sperm oil (.saponifiable) . 

Sesame oil 

Rosin (saponifiable) .... 

Rosin (crude) 

Wool-grease (saponifiable) 
Linseed oil 


Scouring Power. 

85.0 

85.0 

85.0 

79.0 

79-0 

78.5 

76.2 

69.5 

68.0 

• . . . 67.5 

. . . - 65.0 

58.0 

37.0 

35-5 


According to an experiment by Shukoll and Scheztakoft ^ the wa.sli- 
ing power of various soaps is in the following decreasing order : tallow 
soaps, soaps from liquid vegetable oils and olein, cocoanut and palm 
oil soaps, rosin soaps. They also show that the concentration of the 
soap solution has great inliuencc on the scouring jiower, and solutions 
of 0.2 to 0.4 percent give the greatest washing effect, whereas concen- 
trations greater or less than this liave a les.ser effect. The fact that 
the greatest emulsifying power is given by soap solutions of the above 
concentration has also been shown by Spring^ and by Donan and 
Potts."' The proper concentration is about a one three-hundredth nor- 
mal solution, and is explained as being due to the effects of contact 
electrification. When the concentration passes a certain value, the 
positively charged sodium ions of the soap exercise a coagulating 
action on the negatively charged oil particles, and consccpiently the 
emulsifying power is decreased. A similar effect is shown by Plarri- 
son ^ in the case of sodium oleatc on the contact difference of cotton, 
the maximum charge being given with a N/200 solution. 


3. Analysis of Soaps. 

As already pointed out under the discussion of soaps for scouring 
purposes, a .soap consists essentially of a salt of soda or potash with a 
mixture of various fatty acids, together with varying quantities of car- 
bonated or caustic alkalies, and a considerable amount of water. In 
some soaps (cold-process and soft .soaps) there is also present glycerin, 
and in some cases free fatty acids. A pure neutral soap is one which 
does not contain any free alkali (either as carbonated or caustic alkali) 
or free fatty acid. Most soaps, howTver, to be found in trade v/ill have 
small quantities of carbonated alkali, at least, if not some caustic 
alkali.'^ 

* Chem. Zext., 1911. 

* Koll. Chem,, 1909, p. 161. 

^ Koll. Chem.. 1910, p 208. 

Jour ,Soc. Dyers S’ Col, 19 ii, p 2S3 

^ In sampling a soap for purposes of analysis, care should be taken to obtain as 
representative a sample as possible. When the soap is in the forrn of a bar or cake, it 
IS best to cut a sample from across the middle of the bar; or a cylindrical sample may be 
taken from the bar by means of a coik-borir or cheese sampler. Under no circumstances 
should the sample for analysis be taken exclusively from cither the outer or inner portions of 
the soap, as these may differ considerably fiom one another in their amount of moisture and 
other constituents. 
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oil saponifies readily, and gives a good, pale, transparent soap, free 
from odor, l^ish oils give dark colored soaps with a lishy odor. Cot- 
ton-seed oil gives a good, pale, transparent soap. Olive oil yields a 
dark green colored soap. Tallow is sometimes added in small quanti- 
ties to soft soaps in order to make them “fig.'’ 

A fig soap is one which has small granules resembling fig seeds 
throughout its mass, hence the name. It is said to be due to the pres- 
ence of sodium stearate which crystallizes out when the soap becomes 
cool. The lower grades of cotton-seed oil and olive oil contain large 
proportions of sU'arin, and are liable to “fig” strongly, whereas the 
better grades of oil give clear, transparent soaps. 

White soft soaps may be prepared from tallow and cocoanut oil, 
with lard or other fat, giving a white soap. In the making of soft soap, 
as a rule, too pounds oil will require about 200 pounds of caustic 
potash at 32'' Tw. A good soft soaj) should contain about 42.5 percent 
of fatty acid, 10 percent of potash, and 47.5 percent of water. Soft 
soaps are sometimes cheapened by the addition of rosin, in which case 
it is best to saponify the rosin by itself, and then add the rosin soap so 
formed to the soft soap. In the making of rosin soap, 100 lbs. of rosin 
are boiled with 50 pounds of soda crystals (NaoC(J,iol LO) dissolved 
in a small (juantity of water. Ihe amount of rosin which may be 
added to a soft soap is from one-seventh to one-tenth that of the fat 
used.-' 

The following table summarizes the characteristics of the soft 
soaps produced wilh different oils: 


Oil. 

Linseed oil 
Whale oil. 
Cotton-seed oil. 


Olive oil. 

Lard. 

llcnip-seed oil. 
Cocoanut oil. 
Tallow. 


vSoa)). 

Dark amber color, with iilcasant odor. 

I)ark reddish color, with fishy odor. 

(lolden to amber color, varying with refinement 
ot oil; '110 odor wlieii freshly prepared, but 
apt to become rancid rin keeping. 

Amber to grcenisli color, of fine ipiality. 
f ine white soap. 

Hrecn color, 
h'me white soap. 

Stiff white soap, apt to “fig.” 


1 he following table gives the scouring jiower (or water-softening 
power) of various soajis : 


Soap made from 

Pure stearic acid 

Pure oleic acid 

Lard oil 

Tallow 

Bone fat (on too percent fat) 

Myristic acid 

Olive oil 

Rosin I part, tallow 3 parts 
Cotton-seed oil 


Scouring Power. 

100.0 

100.0 

96.0 
95 .f) 

95.6 
93-3 
93.^2 

924 

87.0 

^Accorchnfj to Tlicis iSlrani^hlcu he) a rcMii so.ip Miit.ihle for ku'i'boihtig of cotton is 
made by boiling loo parts of lo.sin and p.aits of caustic soda with i.ooo parts of water. 
Use indirect steam for heating and boil for 4 to 5 houis From carefully conducted experi- 
nunts in iho washing of cloth it has Iiecn shown that the iisc of soaps without rosin gives 
the purest white. Trolman also claims that soaps containing sodium silicate give an inferior 
white as compared with those prepared from pure fatty acids. 
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carbonated and as caustic alkali. The total free alkali may be deter- 
mined by taking loo c.c. of the soap solution (containing 50 gms. per 
liter), precipitating out the soap by adding a saturated salt solution 
and titrating the filtrate with N/io sulfuric acid, using phenol- 
phthalein as the indicator.^® The result will be the sum of both car- 
bonated and caustic alkali.^^ A qualitative test for free alkali may be 
made by placing a drop of phenolphthalein solution on a freshly-cut 
surface of the soap; if a red^ coloration appears, free alkali is present. 

(e) Caustic Alkali . — This may be determined as just described 
above in the solution of the soap in absolute alcohol. The method, 
however, is not very satisfactory, as if any water is present some of 
the carbonated alkali will be dissolved, and so to be accurate, the 
sample of soap should be previously dried before being dissolved in 
the alcohol ; on the other hand, if the alcohol is quite absolute (that 
is, does not contain any water) some of the caustic soda will remain 
undissolvcd.^^ Another, and perhaps better, method of determining 
the amount of caustic alkali is the following: To 100 c.c. of the 


’®This method, though largely used in technical practice, is open to severe criticisms. 
In the first place, what is known in trade as /‘free alkali" in soaps is generally understoon 
as caustic alkali, as this is the only really objectionable form for the existence of the tree 
alkali in soap to be employed for scouting In the preparation of scouring baths, soda 
ash is nearly always added in connection with the soap, and the amount of free soda ash 
which may at times be found in soap as free alkali would be small in proporyon to that 
intentionally added to the scouring liquors. Of course the presence of free soda ash in a 
soap tends to raise the percentage of total alkali and might give a wrong impression in the 
analysis as to the real value of the soap, but this is corrected by the percentage of_ fatty 
acids found to be present, and which would gauge the actual amount ot true so.ap in the 
sample under examination. Again, if there is a small amount of soda ash prpent m the 
soap, a false idea of the character of the soap might be given by reporting this as free 
alkali," when the latter term would be taken to mean caustic alkali. Many soaps arc made 
without the use of soda ash, simply from caustic soda and fats and in such soap the 
amount of free alkali as determined above, might be taken to truly represent the amount 
of caustic alkali present It would be well to first make a qualitative test on the soap 
to discover if carbonated alkali is absent or present, which may be done by adding a drop ot 
hydrochloric acid to a freshly cut surface of the soap; if any elfervcscence is noticed 
carbonated alkali is present, otherwise it is absent. If the latter is the ^ ", 

alkali as above determined may be safely repoited as caustic alkali, hut if carbonated filkali 
is found to be present, then it will be better to determine the caustic .•'lihali separately as 
given in the next test. Another criticism which may be advanced against the method of 
determining free alkali by titration with acid and phenolphthalein, is that it really only 
gives the amount of caustic alkali plus one-half the amount of carbonated alkali which may 
be oresent; so in order to determine the true amount of carbonated alkali present, it is really 
necessary to make not only this determination but to further determine the amount of 
caustic alkali in the soap; then by subtracting the latter from the total free alkali, one-half 
o1 the carbonated alkali is obtained, and this has to be multiplied by 2 in order to give the 
true amount of sodium carbonate in the soap. , n * 1 r 

The details are given as follows (Schuttig, Chemist-Analyst, 1920): A sample of about 
,0 gm, is .ccuL?ely we.ghrd in a ,50 c.c bcalcer and dissolved in about '^5 c.c. of distilled 
water (free from carbon dioxide), and then transferred to a 250 c c. graduated flask, ao 
ems of sodium chloride are weighed out, dissolved in 100 c c. of distilled water, and slowly 
fdded to the soap solution, agitating the flask well Cool and make up ^1, of 

Dure water and add 10 c.c. extra to compensate for the volume occupied bv the precipitate of 
soap Mix thoroughly and filter. Take 50 c c. of the clear . filtrate and titrate with N/ro 
hycfrochloric acid, with phenolphthalein indicator, until the pink color disappears and does 

"°Y2'^W^lson^ °Ch^m!^News, vol. 59, 280) regards the detenmnation of free caustic alkali 
in 80^3 as one of the most difficult analytical problems to be met with m practice. He 
clairas^that in high-class soaps which contain no free glycerides (».e., unsapomfied fats) the 
Sol method may be made to yield quite accurate results; but with soaps of a lower 
erade where more or less unsapomfied fats are present, the alcohol rnethod is imsatisfactory, 

for on the addition of akohol with phenolphthalein the color at first becomes deep, 
detected, f , , j entirely disappear. The method for the determination of free 

SustraS^a^^^^^ soap in strong brine solution, alim does not 

Sve aceS results; nor docs that method which precipitation of the 

alkali by means of carbon dioxide gas, the soap being dissolved in alcohol. 
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aqueous soap solution (containing 50 gins, per liter) there is added in 
slight excess a solution of barium chloride. This will cause the pre- 
cipitation of all the soap and carbonated alkali as barium compounds; 
the caustic alkali will be unaffected and will remain in solution. The 
liquid is filtered, and the clear liltrate is titrated with N/io hydrochloric 
acid and phenolphthalein, and the result will give the amount of caustic 
soda. Sulfuric acid should not be used in this titration, as there is 
present some barium chloride which would precipitate the acid. The 
carbonated alkali may be calculated by taking the difference between 
the total free alkali and the caustic alkali found, and multiplying by 2. 

Another method for the determination of free alkali in soaps, and 
one also including the determination of free fats is given by Dieterich 
as follows : Dissolve one part of soap in 20 to 50 parts of water, and 
add so much sodium chloride to the solution that a I'ttle remains un- 
dissolved ; this will cause the soap to be precipitated, and leave the 
free alkali in solution. The precipitated soap is filtered and washed 
with a little saturated salt solution. The mass on the filter is dissolved 
in water, and again salted out and filtered as before, d'he two filtrates 
are then combined and the free alkali determined by a titration with 
N/io sulfuric acid and phenolphthalein. The soap left on the filter 
may then be dissolved in about 30 c.c. of absolute alcohol by warming 
on a water-bath, t)hcnolphthalein added, and the free fats determined 
by titration with N/ioo caustic potash, the result being calculated to 
oleic acid. As the alcohol fre(]ucnlly contains substances which de- 
colorize ])lieno1phtlialein, it is necessary to determine separately the 
amount of N/100 caustic potash required to redden the phenolj)hthalein 
in 30 c.c. vff alcohol and to subtract this figure from the former result. 

(/) Acids . — A quick and convenient means of obtaining the 

amount of fatty acids present in a soap, and one which is sufficiently 
accurate for most technical jnirposcs, is the following: lOO c c. of the 
soap solution (containing 50 gms. per liter) is placed in a beaker, and 
to it there is added 5 gms. (accurately weighed) of paraffin wax. An 
excess of sulfuric acid is then added, which causes the precipitation 
of the fatty acids as a flocculcnt mass.’^ The liquid is then heated to 
the boil until all of the fatty acids have become thoroughly incorpo- 
rated with the melted paraffin, which floats on the top. The mixture 


The greater the amount of fatty acids (combined) picsent in a soap the more actual 
soap the samidc contains. Any haid soap conlaininis' mou than (> i lu ritiit ut tatty auil^ 
has either been dried spontaneously by keeping, or has lioen dried artificially. Ilard soaijs 
containing less than that amount have been redmed mti ntionally, and may tmitain an l'\h,ss 
of water or alkali, or other intoi porated adulterants. 

Together with the fatty aids there will also he prcupilatcd any rosin which m.y 
be present in the soap. To determine (|uahtativcly it rosin is present, (lOttlicb givis the 
following method: A small portion of the soap is dissolved in boiling water, a eoiHcnt rated 
soiution of magnesium sulfate is then added until the fatty acids aic tompletLlv pre- 
cipitated. The magnesium resinatc which is foimed will remain in solution Aft« r boiling tor 
several minutes, the .solution is filteicd and the hot filtiate is acidulaU-d with dilute sul- 
furic acid. If rosin is present, the liquid will betome turbid owing to the separation ot the 
resin acids. In order to make sure that the turbidity may not be caused by vohit.h fatty 
acids, the boiling should be continued for half an hour. -j j .1 . 

The reaction of Licbcrmann-Storch for the detection of rosin is considered the most ac- 
curate It is carried out as follows: the fatty acids aie dissolved in acetic anhydride at a 
Kentk heat and the solution cooled. S.dfuric ac d of 1.53 ap Kt. (pic, .arc, by ".IMUB 34-7 
C.C. concentrated acid with 37-5 c.c. of water) is then carefully allowed to n,,w into t e 
solution, when the presence of the smallest amount of resin acid will be mil catcl l.y the 
appearance of a reddish brown coloration. The color does not last for any length ot time. 
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is then allowed to cool, and when the cake of paraffin containing the 
fatty acids is completely hard, it is carefully removed from the 
beaker, pressed between filter paper to remove adhering water, and 
weighed. The increase in weight of the paraffin gives the amount of 
fatty acids.^® More accurate results are obtained, if the paraffin mass 
is melted in a weighed porcelain crucible and carefully healed on a 
sand-bath until all moisture is removed, and then cooled and weighed. 
Multiplying the weight of the fatty acids by the factor 0.97 will 
give the amount of fatty anhydride. Another method for determining 
the fatty acids is to take 100 c.c. of the soap solution, as before, pre- 
cipitate the fatty acids with a slight excess of acid, run the liquid into 
a separatory funnel, and add about 50 c.c. of carbon tetrachloride 
(ether or other solvents may also be used, but carbon tetrachloride is 
preferable). The mass is then shaken and warmed gently, if neces- 
sary, until all of the fatty acids have dissolved. On standing, the 
two liquids separate, the heavier carbon tetrachloride being under- 
neath the water and containing the fatty acids in solution. This solu- 
tion is drawn off into a weighed dish or flask, and heated on a water- 
bath until all of the solvent lias been evaporated. The residue of fatty 
acids is then weighed.^® 

(g) Rosin . — For the determination of rosin in a soap the precipitate 
of fatty acids is employed, for this will also contain the resin acids 
which are precipitated along with the fatty acids themselves. Glad- 
ding’s method is carried out as follows: about i gm. of the mixed 


A rapid method for the cstiinalmn of the falty acid and one admitting of a fair degree 
of accuracy, is the following: The soap solution is placed in a burette, where the fatty 
acids are thrown out by the addition of hydrochloric acid; the burette is then heated in a 
deep beaker of boiling water or in steam, and the volume of the melted fatty acids is read in 
c.c. This number divided by the factor o 8s (the average specific gravity of the fatty acids 
at 100° C.) gives the approximate weight in grams. 

The weight thus found, although often reported as “fatty acids” should more accurately 
be termed “fatty matter,” for it may not only contain the fatty acids, but also, neutral fat, 
wax, unsaponifiable matter, and rosin. If the soap contains any .soluble fatty acids, these 
will remain dissolved more or less in the liquid and will not be taken up by the paraffin 
wax. As a rule, the amount of fatty acid which is soluble is so small as to be neglected, 
except where cocoanut and palm-nut oil soaps arc under examination. In such a case it is 
better to work with concentiatcd solutions, or to add common salt v/hioh will preci'pitate 

the majority of the soluble fatty acids A less accurate method, according to Lewkowitsch, 
IS to titrate the aqueous solution with standard alkali until neutral to Methyl Orange, 
then to add plunoiphlhalein and to again litiate with N/m alkali 'riic alkali used in tlic 
second titration may be calculated to caprylic acid (the chief soluble acid), the molecular 
weight of winch is 144, and the amount so found may be added to the rest of the fatty acids. 

In accurate soap analyses the fatty acids arc usually reported as anhydrides. In order 

to obtain the latter from the weight of the fatty acids themselves, multiply by the factor 0.97. 

Schulze iZcits Aval Chem , vol. 26, p. 27) ncommends the following method for the 
accurate determination of the fatty acids in a soap; The weighed sample of soap is 
brought into solution with water in an Erlenmeyer llask, decomposed with dilute sulfuric 
acid, and the separated fatty acids dissolved out with ether. The aqueous solution is 
removed as complcti ly as possible by means of a pipette, and the ether washed three or four 
times with fresh water, care being taken to remove the aqueous layer as completely as 
possible. After the last washing and drawing off of the water, a few drops of barium 

chloride solution are added, in order to precipitate as barium sulfate any free sulfuric 
acid which may be present. The amount of water being so small, the ethereal solution 
may be at once passed through a filter, and thereafter evaporated in order to obtain the 
fatty acids, which arc then free from sulfuric and hydrochloric acids, and do not darken at 

^°^’«Tlie following quick method has been recommended by Saupe {Jour. Soc. Chem. Ind., 
1890 p. 1072): Two grams of fine soap shavings taken from the interior of the sample to be 
tested are dissolved in so c c of water in a .stoppeied graduated flask, and 5 c c. of dilute 
sulfuric acid (1-4) are added; then 54 c.c. of dilute ether arc added, and the mixture 
well shaken and allowed to stand; 20 c c. of the clear ethereal solution of the fats arc 
then withdrawn with a pipette, placed in a small weighed beaker, and evaporated to dryness, 
and the residue weighed. The percentage of fat in the sample is then obtained by multiplying 
the weight of the residue by the factor 125. 
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rosin and fatty acids is dissolved in about 40 c.c. of 90 percent alco- 
hol by gently v^arming. A drop of phenolphthalein is added and a 
solution of alcoholic potash until the solution acquires a permanent 
pink color. The solution is then cooled and made up with ether to 
200 c.c. There is then added i gm. of finely powdered silver nitrate, 
and the mixture shaken vigorously for 20 minutes, when the precipi- 
tate consisting of the silver salts of the fatty acids will coagulate and 
separate out. 100 c.c. of the ethereal solution containing the dissolved 
silver resinate is measured off and shaken with 40 c.c. dilute hydro- 
chloric acid, and the precipitated silver chloride is removed together 
with the acid liquid. 'Jlie ethereal layer containing the liberated resin 
acid in solution is transferred to a weighed dish, the ether evaporated, 
and the residue weighed. By Twitchell’s method tlie determination 
of rosin is carried out as follows: From 2 to 3 gms. of the mixed 
fatty and resin acids are weighed out accurately and dissolved in lO 
times their volume of absolute alcohol, and a current of dry hydro- 
chloric acid gas i:> passed through the solution, the vessel containing it 
being kept cool by immersion in cold water. After about 45 minutes 
the solution will have become saturated with the gas, and the operation 
is finished. This treatment converts the fatty acids into esters, but 
does not alter the rosin. The solution is then allowed to stand for 
one hour, after which it is diluted with 5 times the volume of water 
and boiled until the aqueous solution has become clear. The mixture 
is then transferred to a separatory funnel and the acid layer run off, 
the remaining solution containing the fatty acid esters and the rosin 
is washed with water until the last trace of hydrochloric acid is re- 
moved; 50 c.c. of alcohol are then added, and the solution is titrated 
with standard caustic soda or potash, with phenolphthalein as the 
indicator. The resin acids combine with the alkali, while the fatty acid 
esters remain unchanged. Each c.c. of normal alkali used is equivalent 
to 0.346 gm. of rosin. 

Grittner and Szilasi propose the following method for the de- 
termination of rosin in soaps ; based on the fact that if such a soap 
is dissolved in alcohol and a solution of calcium nitrate is added, 
calcium stearate, palmitate, and oleate will be precipitated, the rosin 
remaining in solution as does also a portion of the calcium oleate. 
Dissolve 2 gms. of the sample of soap in alcohol (5 parts alcohol and 
I part water) ; if the solution is acid neutralize with a small amount 
of ammonia. Then add a 10 percent alcoholic solution of calcium 
nitrate in excess, cool and filter. Wash the precipitate with alcohol, 
add a solution of silver nitrate in slight excess to the filtrate, and then 
dilute with three volumes of water. Filter off the precipitate consist- 
ing of the silver salts of rosin and oleic acid, wash with cold water, 
dry at 70 to 80° C., and then digest with ether. Filter the ethereal 

To estimate the amount of rosin in soaps, Boulez recommends the following pro- 
cedure: S Rnis. of the soap are dissolved in 200 c c. of boihnp water, and silver nitrate 
solution IS added as long as a precipitate is formed. The precipitate is filtered off, dried 
thoroughly, and exti acted with ether which will dissolve the resinate of silver. This 
ethereal solution is collected, and the silver salt decomposed hy the addition of hydiochlorie 
acid. Filter, wash with ether, and evaporate the filtrate in a weighed glass, and finally weigh 
the residue of rosin. 

=»» Chem. Zeit., vol. 10, p. 325- 
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solution of silver resinatc, add dilute hydrochloric acid to the filtrate 
and shake. This liberates free rosin which dissolves in the ether ; draw 
off the ethereal solution, evaporate to dryness and weigh the residue of 
rosin. 

4. Scouring Value of Soap. 

The quality and value of a soap may be judged from its amount of 
fatty acid, combined alkali, and free alkali.- If much of the latter is 
liresent (especially if existing as caustic alkali), the soap is not a suit- 
able one for use in scouring; and from the amount of fatty acid and 
combined alkali may be told the true amount of actual soap present in 
the sample."^ 

Muter (Analytual Ch^nn^t^v. p. 203) givi-; the folIuniiiK nuthoil for the determination 
of rosin in a soap: 10 gms. of the soap arc dissolved 111 wann water, heated to boiling, 
and the fatty acids thrown out by cxci ss of hydiochlonc acnl d'lu acids are collected and 
washed with boiling water until free from all trace of acidity, d'hey are then transferred 
to a naiTow vessel, and kept incUed therein until any contained water has completely 
settled out 0.5 gm. of these acids is then weighed out and dissolved in 50 c c. of eaibon 
tetrachloride, and placed in a 500 c c. flask with a glass stopi>ei , to tins is then added 0 5 c c. 
of bronnne dissolved in 50 c e. of carbon tetrae hloi nh . and the flask is placed in a dark 
place for 18 hours. The flask is then cooled on icc, ,ind a shot t jncce of india-rubber tubing 
having been slipped over the neck so as to foini a well around the stopper, this receptacle 
IS Idled with water, and the stopjier is carefully opeiieil, so that the water is sucked into the 
bottle without loss of hydrobromie acid vai<or. The introduction of water is continued 
until 25 c c. have been 1 un in, and the flask is then well shaken. Some potassium iodide is 
added togethci with 75 c c. more of water and some starch solution as an indicator, just 
siifhcKiit sodium thiosulfate solution is ad<ltd until the color is entiiel> removed. The 
contents of the flask arc then tiansfeired to a sepaiator, and the aqinous portion is run 
thcrctKim (through a niter if neecssarej into a porciiaiii basin and titrated with N/io caiistie 
soda, using Methyl Orange as the indie atoi, the ce. of eaustic soda used multi|dicd by the 
faetoi I 0 gives the “bromine substitution'’ figure. Tins hgurc toi the fatty acids found m 
commercial soaps is practically nil, while that of rosm as tisuallj employed in soap maiuifac-. 
tiiie, IS los. Theiefoic the bromine substitution tigiiie divideil by 1.05 gives the percentage 
of losin 111 the tatty aciels, and this lesult multiplied liy the percentage of fatty acids 
alreaely found in the soap and divided by 100 will give the percentage of rosin in tlic 
sample. 

**])eess gives the following rapid mctliod for tiu aiialjsis of a soap for commercial pur- 
poses. Weigh out 10 gms, of the soap .nid dissolve- m mo ce of sliong alcohol, then 
pass carbon dioxide gas tbioiigh the solulion in oreler tei eoiivcit any free caustic alkali into 
carbonate, and then biter the solution. The ftce alkali in the soa]) being now in the form 
ot carbonate is not dissolved by the; alcohol anel irinains on the filter. 'This is washed with 
warm alcohol, then the piecipitate is dissolved in warm watei and is titr.iied with N/io 
lijdrochloiic acid with Methyl Orange- as the mdieator The* number of c c. of acid «seil 
multiidied by the factor o oos3 gives the amount of free caibonate in the 10 gms. of soap. 
The combined alkah and the fatty acids arc now estimated by titialing the alcoholic solution! 
diluted with a little distilled water, with a normal solulion of hydrochloric acid, using Methyl 
Orange as the indicator, d he number of c c of acid used muUiiilieel by the factor 0031 gives 
the amount of combined alkali as NdjO in the 10 gms. of soap, and rnultiplieei by the factor 
0280 gives the amount of fatty acid, d his latter faetor is only for soaps made from 

olive oil; in case the soap is made from other oils or fats, it is first necessary to determine 
the sapemiflealion equivalent of the fatty acids of the soap. 

Wilson {them. Nezvs, 1891, p. 205) gives the following method for the analysis of soap, 
where there is a possibility of both free caustic alkali and free fatty aciels existing 

simullaneously : (a) The total alkali is deteimined by titration with standard acid in the 
u«,ual manner; (b) Another weighed quantity of the soap is decomposed in an Erlenmeycr 
lla-^k on the water-batli with a slight excess of dilute sulfuric acid, the flask being kept on the 
water-bath until the fatty acids separate clear. The flask is then placed in ice-water to 
cool, and the liquid is then filtered. The fatty acids arc washed three times successively 
with 250 c c. of boiling water and allowed to cool each time and filtered. The united filtrates 
are diluted to one liter, and 500 c.c. placed in a beaker and tinted with Methyl Orange; 
N/io alkah is then added until the liquid acquires the usual color, after which a litHc* 
ph( nolphthalcin is added, and the addition of the alkah continued until a permanent pink is 
established. The number of c.c. of alkah used m the last titration are due to the soluble 

fatty acids, and are calculated to capryhc acid. The fatty acids m the flask and any left 

oil the filter are dried and weighed, and then dissolved in alcohol, and titrated with 
iN’/j alkali d he alkali so used, together with that rtcjuircd for m utrahzation of the 
soluble acids, and deducted from the total alkali, gives the alkali existing in other forms 
than .as soap. If desired the soap may be decomposed with standard acid, and the alkah 
required to neutralize the Methyl Orange noted. This, deducted from the total acid used, 
gives the acid equivalent of the alkah existing in all forms. In this manner there is estimated: 



TESTING OF MATERIALS; SOAPS 


617 


The scouring value of a soap, in fact, is primarily determined by 
the amount of fatty acid (combined) that it contains. This is due to 
the fact that the amount of combined fatty acid present measures the 
amount of actual soap in the sample. The character of the fatty acid 
also has considerable bearing on the scouring value of the soap, as 
this will determine the lathering quality and emulsifying property of 
the soap solution. 

It must be borne in mind that when soap is dissolved in water it 
undergoes partial dissociation, and it is presumed tliat many of the 
soap molecules arc split up into free fatty acid and free caustic alkali. 
This accounts for the fact that a soap solution reacts alkaline with 
phenolphthalein (red color). The more dilute the soa]) solution the 
more will be the dissociation and consequently the greater will be the 
alkalinity. Very concentrated soap solutions are almost neutral. On 
the other hand it must also be borne in mind that a soap solution 
(even though very dilute) does not act the same as a simple mixture of 
water, fattv acid and caustic alkali. 

The relative scouring values of different samples of soa])s may be 
estimated with some degree of truth by a process somewhat after the 
manner of determining the soap-destroying power of a hard water. 
The test is carried out as follows: 5 gms. of the soap are dissolved in 
300 c.c. of alcohol and diluted to 500 c.c. with water. A solution of 
calcium chloride (corresponding to T gm. of calcium carbonate per 
liter) is used: 10 c.c. being diluted with 60 c.c. of distilled water, and 
titrated with the soa]> solution until a ])ermanent lather is obtained. By 
adopting a standard soap for comparison, the relative values for other 
soaps m I’c be thus obtained. As a standard there may be used a 
neutral sc Hum palmitate prepared from 36 c.c. of N/10 solution of 
caustic soda and o.c)2T gm. of palmitic acid. 

The following method has also been suggested for grading soaps as 
to their scouring value'^: t gm. of neutral .sodium palmitate (prepared 
as above de.scribed) is dissolved in 200 c.c. of water, and ])ortions of 10, 
20, 30, and 40 c.c. respectively of this .solution are diluted to c.c. 
with boiling water and tc.sted in the apparatus described herewith (see 
Figure 300). The latter consists of a pipette, A, with a capillary outlet 
of about 0.45 mm., opening from a flat horizontal surface of about 


('.^) total alk.ili; (bl combined alkali; (c) insoluble f.Uly acids; (d) soluble fatly acids. The 
following example is given to illustrate tbc method ; 


Sample of Ftcnth Scorning Soap. 


Total alkali by titration \\as found to be 7.037 pel cent. 

Weight of soap taken was s 889 gms. 

Weight of insoluble fatty acids was 2.005 gins. 

N/2 alk.ah to neutralize, 180500.-9025 to. noriii.il 

N/io alkali to neutralize soluide acids 1077 oc —107 to nonn.il 

Total alkali used for both soluble and insoluble acids - 10 o c c. normal. 

10 o X 0.031 X 100 , , • 

Hence = S 3- pcrctnl combined alkali. Theiefore the total analysis 

5 889 


would be: 

Tot.al alkali • 7 ‘>37 portent 

Combined alkali • • • • 5 3- 

Uncombined alkali ... . ’ 7- 

Insoluble fatty acids • 34 ‘‘>6 

Soluble fatty at ids (cajirylic) 

Total fatty acids 36.66 
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10 mm. in diameter. The pipette holds 5 c.c. and has a spherical Ixxly ; 
the internal diameter of the stem is 3 mm. The receptacle for the oil 
to be used in the test may be a test-tube, but it is preferable to use a 
vessel of the form B, C, so as to obtain a more nearly constant pressure. 
This tube is immersed in a beaker containing water which is kept boil- 
ing. In using the apparatus, 2 to 3 c.c. of water are introduced into B, 
followed by 20 c.c. of kerosene oil. The pipette is rinsed out twice 
with the given soap solution, then filled an(l its point placed in the 
kerosene, and the number of drops formed in falling from the mark 
on the pipette noted. The number of drops given by each of the dif- 
ferent boiling standard solutions with the standard kerosene oil is 
then plotted into a curve, in which the ordinates represent percentages 
of the standard, and the abscissai the corresponding number of drops. 



Fig. 300. — ^Apparatus for Determining the Scouring Value of Soap. 

Unknown samples of soap are tested in the same manner and the 
results referred to sodium ])almitatc as the standard. Thus, if 0.5 gm. 
of a commercial soap be dissolved in \oo c.c. of water and the solution 
tested at the boiling point, it may be stated that the sample yields the 
same number of drops as a .solution of sodium palmitate containing an 
equivalent scouring value. In testing cold water soaps, a solution of 
I gm. of sodium oleate in 200 c.c. freshly boiled distilled water is 
taken as the standard, or 100 percent. This method is based on the 
fact found by experiment that when a solution of a soap is made to 
form drops beneath the surface of an oil, the number of drops formed 
from a given volume of the solution is dependent on the amount of 
soap present in the solution ; and furthermore, the conclusion was 
reached that the number of drops formed was a measure of the emul- 
sifying power of the given soap .solution, and that the latter might 
stand as a measure of the detergent power of the soap. The following 

Jour. Atncr. Chetn. Soc , 1903, p. 1256. 
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figures are given by the originator of this method in testing the stand- 
ard soap solution : 
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water test. 
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5. Mineral Oils in Soap. 

Mineral oils may sometimes he present in a textile soap and a de- 
termination of the amount of the same may at times he desirable. 
The estimation of the mineral oil in a soap may 1 )e carried out as 
follows: A solution of a definite quantity of the soap in alcohol is 
evaporated to dryness with sand (purified by extraction with hydro- 
chloric acid) ; the mass is wrapped in a filter-paper and extracted in a 
.Soxhlet with chloroform. This reagent will dissolve out all mineral 
oil, but nil not dissolve the dried soap. The chloroform solution is 
evaporate ! to dryness in a weighed beaker and the residue is weighed. 
Tn ease there is any free fat in the soap, this will also lie extracted with 
the chloroform, and it will then be necessary to saponify the fats by 
boiling with an alcoholic solution of caustic soda, evaporating to dry- 
ness with sand, and extracting again with the chloroform. 

6. Sodium Silicate as Soap Filler. 

Sodium silicate is sometimes employed as a filler for soaps, due to 
the fact that a soap containing it may be loaded with considerable 
water without appearing moist. This adulteration may be estimated 
as follows : 5 gms. of the soap are placed in a porcelain crucible and 
ignited until all organic matter is burnt off; the residue will consist of 
the alkali together with any silicate that may be present."^ The resi- 

Other fillers which are sometimes cmplo>ed m s()ai)s aic the followinf?: (a) Sugar; 
this is only liable to be present in transparent soaps, and even then, never in large amounts; 
It may be detected by the use of l<'chlmg's test by acidulating the a<iueous solution of the soap 
with sulfuric acid, filtering from the separated fat, then boiling the filtrate for half an hour. 
The solution is then neutralized with caustic soda, some hMiling’s test solution added, and 
the mixture boiled, when a red precipitate of cuprous oxide will be formed if sugar is 
present in the soap. The amount of sugar may be cstimab d by employing a weighed 
amount of the soap and filtering off the cuprous oxide, drying, igniting, and weighing the 
resulting copper oxide; this multiplied by the factor 04087^ gives the amount of sugar, 
(b) Starch; this may be detected by neutralizing the soap solution and adding a few drops of 
iodine solution when a blue color will develop in the presence of starch. The amount of 
starch may be determined in the same manner as employed above for the estimation of 
sugar, only the copper oxide obtained is multiplied by the factor 040816 to obtain the 
equivalent weight of starch. It is not likely that both starch and sugar will be present in 
the same sample of soap. 
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due is treated with hot water acidulated with hydrochloric acid, and 
then evaporated to dryness. It is again taken up with water and a 
little hydrochloric acid, which dissolves the alkali, or other mineral 
matter present, but will leave silicic acid, SiO,, as an insoluble residue. 
This latter is filtered ofif, dried, ignited, and weighed. It is usually 
reported in terms of silicic acid, or silica, as it is called.-'^ 

7. Complete Analysis of Soap. 

A sclieme for the complete analysis of soap is given in the table 
on page 621. It includes the determination of all the constituents liable 
to be itound in a soaj). 

Vulte recommends the following scheme for a complete soap 
analysis : The soap to be examined is cut into h\. cubes, several of 
which are placed in a dry test-tube which is ke])t well corked. When 
])ortions are to be weighed-up, as many cubes as may be required are 
taken out and the loss in weight of the tube determined. 1\vo or three 
cubes ("5 to 10 gms.) are thus placed in a small leaden crucible con- 
taining 25 to 30 gms. of dry sand and a small glass rod, all weighed 
together; 50 to 75 c.c. of absolute alcohol arc added, and the whole 
hen ted on the water-bath, stirring at intervals, until the soap is dis- 
served ; the solution is then evaporated to dryness, the contents of the 
dish being thoroughly mixed as the drying proceeds, and finally dried 
in an air-bath at 100° C. until constant weight is reached. The loss in 
weight represents water and alcohol, and any essential oils which may 
be present as perfumes. The leaden dish is then bent uj) and ])laccd in 
the inner tube of an extraction apparatus, and treated with petroleum 
ether for i to 2 hours so as to dissolve out all unsaponified fat. The 
residue is similarly treated with 95 percent alcohol for 1^2 hours, 
whereby soap and glycerin are dissolved out. The insoluble residue 
is treated with water, and fractions of the solution tested for sodium 
chloride, sulfate, and silicate respectively.^® Anything insoluble in 
water is examined for pigments, metallic soaps, wood-pulp, clay, silica, 
etc. The alcoholic solution is titrated for free caustic alkali with 
phenolphthalein as the indicator; water is then added, and the alcohol 
boiled off in a current of .steam. Excess of normal hydrochloric acid 
is aflded, together wdth sodium chloride or sulfate to salt out tlie fatty 

The amount of sodium cJtloridr in soap may be determined in the liquor obtained in 
the titration of total alkali with sulfuric at id. This liquid is filtered and neutralized with 
caustic soda, A few drops of potassium chromate solution are then added and the liquid 
is titrated with a normal .solution of silver nitrate until a permanent reddish color is 
obtained each c c. of silver nitrate solution is equivalent to 0.0585 gin. of sodium chloride. 

” 7 our. Soc. Chem. Ind , 1893, p. 630. 

Horn (Zcits f. d Chem. Jtid , vol. 16, p. 85) points out that the usual process of 
estimating the sulfate, ehlondc, and carbonate of sodium and potassium in .soap by extraction 
with absolute alcohol, and testing the insoluble residue, leads to wrong results, since com- 
mercial absolute alcohol dissolves considerable quantities of those salts. Furthermore, the 
high percentage of water in soaps dilutes the alcohol, which also causes considerable amounts 
of the salts to go into solution in the ah ohol, and which amount is always neglected. It is 
recommended to dissolve the soap in water, separate the fat with nitric acid and determine 
the chlorine in the filtrate with silver nitrate For estimating sodium or potassium carbonate 
and sulfate, the soap must be dried for a long time at 30 to 40° C., after which the dry 
soap IS trtated with absolute akobol, filtered, washed, and the residue on the filter dis- 
solved in boiling water; one portion is titrated with standard arid in order to obtain the 
amount of carbonate, while another portion is preeijutated with barium chloride to de- 
termine the amount of sulfate. A still bitter method is the direct determination of the 
carbonic acid. 



Weigh out 5 gms. Dry at no® C. Loss = water. 

Treat the dried soap with petroleum ether in a Soxhlet apparatus. 
Residue consists of soap and mineral matter, treat with alcohol. 
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acids of cocoaniit oil, and the whole is boiled. After chilling to solidify 
the fatty acids, two holes are punched in the cake, and the acid watery 
liquid run off through a filter; the residual cake is boiled up with 
water and salt as before and tlic wash water added to the previous 
liquid. The unneutralized acid is then determined, thus giving the 
amount of alkali combined with the soap. The fatty acids are dis- 
solved in ether and ultimately weighed, rosin being subsequently de- 
termined by cither (lladding’s or Twichell’s methods. 

8. Examination of Fatty Acids in Soap. 

It is often required to obtain some information respecting the 
nature of the fats or oils which have been employed in the manufac- 
ture of a soap. This can only be done by a chemical examination of 
the fatty acids derivcij from the soap, and even then, the information 
is by no means satisfactory or detinite. Considerable knowledge con- 
cerning the nature of the soap stock employed, however, may be 
derived from ascertaining the following chemical properties of the 
fatty acids. The fatly acids may be extracted from the soap by pre- 
cipitating the solution wdlh hydrochloric acid, I hen boiling the liquid 
to melt the fatty mailers set free; and on cooling, removing the cake 
of fatty acids. This should be dried by melling in a porcelain dish 
and carefully healing until all moisture is removed. 

(a) Melting Point. ~A small capillary tube is ])rcpared by drawing 
out a small piece of glass tubing made plastic by heating in a Bunsen 
flame. This is filled with the fatty acid by dipping it into the molten 
fat, and then allowing it to solidify and cool. The capillary tube is 
then attached to the stem of a thermometer by means of a small rubber 
ring. The thermometer is then immersed in a small beaker of water, 
which is itself contained in a larger beaker of water. The latter is 
gradually heated, while the thermometer is watched until the fat in 
the capillary tube melts, wdien the temperature is noted. The solidify- 
ing point of a fat is generally somewhat different from its melting 
point, and may be determined by melting the fatty acids in a test-tube, 
immersing a thermometer in the molten mass and stirring with the 
latter until the fats commence to solidify; at which point the reading 
on the thermometer will remain constant for a minute or two, and 
this is taken as the solidifying point. 

(b) Specific Gravity . — This is usually determined at loo"^ C., and 
by the use of a small Sprengel’s lube, d'he dry tube is first weighed, 
and then the w^eight tilled with w'ater (at about i5-5" is taken. The 
tube is next filled with the melted fatty acids, and placed in the mouth 
of a wide-mouthed flask in which water is kept boiling. This brings 
the fats to a temperature of ioo° C., which causes them to expand 
somewhat in the tube and the excess flows out from the latter. When 
the expansion ceases, all oil adhering to the tube is removed with a 
piece of filter paper, the tube is dried, cooled and weighed. The 
weight of the fats thus obtained, divided by the weight of the water 
gives the specific gravity of the fatty acids at ioo° C. compared with 
water at i5-5° 
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(c) Saponification Equivalent , — By this is meant the amount of 
caustic potash required to saponify the fatty acids. It is obtained as 
follows : 5 gms. of the fatty acids are dissolved in about 60 c.c. of hot 
neutral alcohol, and titrated with normal alcoholic potash using phe- 
nolphthalein as the indicator. The weight of the fatty acids expressed 
in milligrams, divided by the number of c.c. of the potash required, 
gives the figure called the sa])onification equivalent. 

By referring to the constants given below for the different oils and 
fats employed in soap-making, some idea may be obtained as the 
probable composition of the soap stock used for the manufacture of 
any sample of soap, after obtaining the above noted factors for its 
fatty acids. 

Si'KcTFic Gravity Factors 


Oil or Fat 

Sp. Gr. 

Fatty Acids of Same. 

15“ B. 

100° C. 

i5“ C. 

100° C. 

Tallow 

0 943 

0.<St)2 


0.8698 

Lard 

0931 

0.858 


0.844 

Palm Oil 

0 (122 

0.8 s86 


0.83^ 

Palm-nut Oil 

0.(>52 

08731 


Cocoanut Oil . . 

0 <J30 

0 8736 


0.8354 

Olive Oil 

0917 

o8t)2 


0.8759 

Cotton-seed Oil 

0.923 

08725 


0.880 

Linseed Oil 

0.933 

0881 

0.923 

0.8()2 

Castor Oil 

Corn Oil 

0 

0 <)2()3 

0 (jO()6 

0 8694 

0.9509 

o.8(j6 


( )il or Fat 


Tallow 

Lard 

Palm Oil 

Palm-mit Oil 

Cocoanut Oil 

()livc Oil 

Cottoii-sccd Oil . . . . 
Lin.secd Oil 


MELfiNT, Point Fa( iors 

Melt. Point 

Fatty Acids of Same 

42° to 46° C. 

43° to 44“ C. 

.40*^ to 42*^ C. 

43° c. 

27° to 42° C. 

50*^ C. 


25° to 28° C. 

20" to 28° C. 

24° to 25° C. 


26° C. 


35° C. 


20° C. 


Oil or Fat 


Tallow 

T.ard 

Palm Oil 

Palm-nut Oil 

Cocoanut Oil 

Olive Oil 

Cotlon-secd Oil 

Linseed Oil 

Castor Oil 

Corn Oil 


Factors for Soliihi ying Point 


Solid. Point 


Fatty Acids of Same. 


C. 

27.1° to 2 (/ C. 


20.5° C. 

16° to 20° C. 
6° C. 

o'’ to C C. 
16° to 20° C. 
17° to 18° C. 
10° C. 


42“ to 43° C. 
.tP C. 

45 5“ C. 
20° to 23'’ C. 


20'’ C. 
21° C. 
32° C. 
16" C. 
3 “C. 
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Factors for Saponification Equivalent and Iodine Value of the Fatty 
Acids in Oils and Fats 


Acids derived from 


Tallow 

Lard 

Palm Oil 

Palm-nut Oil . 
Cocoanut Oil , 

Olive Oil 

Cotton-seed Oi 
Linseed Oil ... 
Castor Oil . . . 


Saponification 

Equivalent 

Iodine 

Value 

284 

40 

280 

64.2 

270 


211 

12 

196 to 206 

9.3 

283 

86 to 88 

286 

115 

307 

179 

292 

90 


(d) Iodine Value — This value (Jliibrs) of the fatty acids is ob- 
tained in the followini^ manner: i i^un. of the fat is placed in a 500 c.c. 
stoppered llask and dissolved in about to c.c. of chloroform: 25 c.c. of 
an iodine-mercury chloride solution is now run in, and the mixture 
well shaken. A clear solution should be obtained, otherwise more 
chloroform must be added. Slumld the deep lirown color of the solu- 
tion become discharged in a short lime, 25 c.c. more of the iodine 
solution are added, ddie mixture is then allowed to stand iu a d:irk 
place for 2 hours; 20 c.c. of potassium iodide solution arc now 
added, and the liquid shaken and diluted with about 3(X) c.c. of water; 
if a red precipitate of mercury iodide appears, more potassium iodide 
solution must be added. The exce.ss of free iodine which has not com- 
bined with the fat is now titrated with a N/io solution of sodium thio- 
sulfate with a drop of starch jiaste as the indicator, the blue color of 
the solution being discharged as soon as sufficient sodium thiosulfate 
has been added. A blank test is then made on 25 c.c. of the original 
iodine solution, and the difference between the two titrations shows 
the amount of iodine absorbed by the fat, and this is calculated into 
percentage on the weight of the fat taken, and termed the iodine value. 

g. Comparison of Different Soaps. 

In order to furnish some data for comparison in the analysis of 
soaps, the following analyses of commercial soaps arc given : 

No. I is a potash or soft soap made from olive and cotton-seed oils. 

No. 2 is a potash soap made from olive oil and tallow. 

No. 3 is a potash soap made from olive oil alone. 

No. 4 is a potash soap made from cotton-seed oil. 

No. 5 is a potash soap made from unknown source. 

No. 6 is a gray mottled soda soap made from a mixture of bone tallow, 
cotton-seed oil, and other fats. 

No. 7 is a soda soap for milling made from tallow. 

No. 8 is a soda soap for milling made from tallow and palm oil. 

No. 9 is a soda soap for milling made from tallow-cotton-seed oil, etc. 

No. 10 is a soda soap for scouring made from palm oil and whale oil. 

This solution is prepared by dis'^olving 25 gins, of iodine in 500 c.c. pure alcohol and 
30 gms. mercuric chloride in the same amount of alcohol, and mixing the two solutions. 
The solution should be allowed to stand at least 12 hours before use, and as it even then 
gradually loses its strength, it must be titrated at the time of use. 

This solution is prepared by dissolving 100 gms. of potassium iodide in 1000 c.c. of water. 
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No. ir is a soda soap for scouring made from olive oil. 

No. 12 is a soda soap for scouring made from tallow and cotton-sced oil. 

No. 13 IS a soda soap for softening made chielly from palm oil or palm 

oil with oleic acid. 

No. 14 is an American soda soap made from colton-sced oil. 

No. 15 is a hrencli soda soap made from olive oil. 


Constituents. 

Water 

Combined alkali 

]''alty acid anhydrides . . 
Free alkali as carbonate 
Free alkali as hydrate . , 
Free fats 


Water 

Combined alkali .... 

Fatty acid anhydrides . . 
Free alkali as carbonate . . 
Free alkali as hydrate . . . 
Free fats 


Water 

(Combined alkali . . . 

Fatty acid anhydrides 

In-ee alkali as carbonate . . 
Free alkali as hydrate . . 
Free fats 


I 

2 

3 

4 

5 

42 20 

37.10 

48.75 

41.78 

45.95 

9.20 

10.08 

732 

9-05 

7.78 

4378 

47.50 

38.37 

43.82 

40.36 

0.82 

1.58 

2.05 

1.40; 

1.50 

045 

0.28 

0 22 

0.15 S 

6 

7 

8 

9 

10 

30.17 

26.73 

29 53 

23.25 

2538 

6.1S 

7.<48 

7.78 

8.57 

7.31 

62.65 

67.22 

64.05 

69.50 

65.40 

042 

0.18 

0 26 

0.12 

0.75 

0.34 





II 

12 

13 

14 

15 

20.56 

18.55 

66.80 

27.94 

33.86 

707 

798 

3.15 

681 

5.19 

O-r 1 1 

72.OO 

042 

2595 

0.15 ) 

6324 

59.91 

1.05 \ 

045 

0.67 

0.44 

0.36 


A good, well-made soft soap should contain about the following propor- 
tions am<mg its constituents: 

Percent 

Water and glycerin .. . . . . 47.3 

Combined alkali . , . 

I'atty acids . . ^3,3 

lAee alkali . 0.6 


The following i.s the anal} sis of a yellow laundry soap containing 
rosin : 


Water 

Combined alklai ... 

Free alkali as caustic . 
Free alkali as carbonate 
Fatty acid anhydrides . 
Rosin 


Percent 
. IQ.26 

. 8.57 

0.20 

0.20 

• 52.32 

• 1945 


The table on pages 626, 627 presents in a condensed form the chief 
characteristics and analytical factors of the various oils and fats em- 
ployed in the making of textile .soaps. 

Soaps to be used in connection with hard water arc nearly always 
made from cocoanut oil, or a mixture of fats in which this oil forms 
a large proportion. Soaps made from cocoanut oil will give a good 
lather even with water possessing considerable hardness. Shaving 
soaps and sea-water soaps also are made with a large proportion of 
cocoanut oil. 
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It appears that the comparative viscosity of solutions of soaps pre- 
pared from different oils indicates somewhat the nature of the fatty 
bodies from which the soap was prepared. Whitelaw determined 
the ])oint of dilution at which the following soap solutions ceased to 
form a jelly after standing for 24 hours: 


Green olive oil 

Olive oil (old) ... . 

Cotton-seed oil 

Palm-nut oil 

I rosin and 3 tallowl 
Tallow 

Palm oil J 


. I in 18 water 
.1 in 50 
.1 in 100 
.1 in 150 

.1 in 200 to 250 


The same observer aKo determined the viscosity of the various 
soap solutions by taking the time required for the solution to flow 
from a 50 c.c. jnpelte, from which water flowed in 28.2 seconds. The 
temperatures of the solutions were 50° F. The following were his 
results : 


Soaps 

Green olive oil 
Green soap . . . 
Cotton-seed oil 
Palm-nut oil . . 

do 

Pale soap . . 

Tallow 

Palm oil ... 


Ddution for Uniform Time 


. . I 

in 

30 

. I 

in 

120 

. I 

in 

320 

1 

in 

320 

. . I 

in 

700 

1 

in 

0 

0 

. I 

in 

0 

0 

. I 

in 

700 


A so-called spinnhuj-test has ])een recommended for the testing of 
fulling soaps. The test is su])posed to show if the soap is capable ol 
forming a solution having the necessary body for fulling purposes. 
Cut 10 gms. of the soap in thin shavings and dissolve in 100 c.c. of 
water in a beaker heated in a water-bath. After the solution of the 
soap is completed, stand the beaker in cold water and stir the solution 
with a thermometer until it wdll draw out into threads. The tempera- 
ture is noted and is called the “spinning temperature.” It probably 
depends on the fusion points of the fatty acids of the soap but is 
independent of the amount of water. Nevertheless, the spinning tem- 
perature decreases much faster than the melting points of the fatty 
acids. The higher the spinning temperature the more suited is the 
soap for fulling. This temperature, however, may be raised by 
fillings, and it must be borne in mind that both sodium silicate and 
rosin are harmful in fulling soaps. 


Jour. Soc. Chetn. Ind., 1886, p. 90. 



Chapter XXXI. 

Testing of Materials Used in Bleaching; Acids. 

1. Acids. 

The principal acids employed in scouring and bleaching are sul- 
furic, hydrochloric, acetic, formic, oxalic, and sulfurous. As the lat- 
ter, however, is used solely for its bleaching properties and not simply 
as an acid, its consideration will be taken up under the section on 
bleaching agents. 

Acids are used principally as adjuncts in the bleaching of cotton 
and other vegetable fibers. In this case the material is treated directly 
with the dilute acid solutions which are known technically by the 
name of “sours,” and the process is known as “.souring.” Acids are 
also used for the neutralizitig of alkaline residues, as in mercerizing, 
when a weak acid bath is given after most of the caustic soda has been 
washed out of the cotton. An acid treatment is also sometimes given 
In cotton bleaching after the boil-out with soda for the purpose of 
icleaning up the material before entering the chemic bath. After a 
lime boil an acid treatment, or sour, is necessary to decompose the 
insolubk lime compounds in the fiber. Acids (particularly sulfuric) 
arc also i-ed in the peroxide bleaching process for the purpose of 
neutralizing the caustic soda produced by dissolving sodium peroxide 
in water. The use of acid solutions after a treatment with hypochlo- 
rite bleaching liquors (whether of lime or soda) is chiefly for the pur- 
f)ose of decomposing the residue of alkaline hypochlorite to form hypo- 
chlorous acid intimately in the fiber .so as to increase its bleaching 
'efficiency. 

2. Sulfuric Acid. 

This acid is also known as oil of intriol or simply zntriol. It occurs 
as a heavy, oily, colorless liquid, containing a greater or less propor- 
tion of water. The chemical formula of sulfuric acid is HgSOi, and 
it is one of the strongest of the mineral acids. It is made at the 
jircsent time by two distinct processes ; the older method is known as 
the lead chamber process, and consists essentially in burning sulfur^or 
a suitable sulfur compound, such as pyrites, whereby sulfur dioxide 
gas is formed ; this is conducted through large chambers constructed of 
lead, where it is mixed with steam, air, and oxides of nitrogen.^ A 
chemical reaction takes place between the.se whereby the sulfur diox- 
ide, SO2, is oxidized to sulfur trioxide, SO., and this combines with 
the’ water present as steam, and gives sulfuric acid, H2SO4. A later 
method, but one which is now extensively used, is known as the contact 

629 
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process; the sulfur dioxide gas being highly purified, mixed with air 
and passed over platinized asbestos (or other platinized material) ; the 
latter substance acting as a catalyzer to cause a combination to take 
place between the sulfur dioxide and the oxygen of the air with the 
formation of sulfur trioxide, and the latter combining with water, 
gives sulfuric acid. The contact process furnishes a highly concen- 
trated acid, whereby the lead chamber process yields only a rather 
dilute acid which has to be concentrated by evaporation. 

There are several commercial grades of sulfuric acid; chamber 
acid is a moderately concentrated acid and contains from 62 to 70 
percent of pure acid, and has a density of 50° to 55° Be. : oil of vitriol 
is a more concentrated acid, having a density of about 66° Be. (168° 
Tw.), and contains about 93.5 percent of pure acid; double oil of 
vitriol (D. O. V.) has a further concentration, and contains about 96 
to q8 percent of acid, though it has about the same density as the pre- 
ceding (66° Be.). 

Sulfuric acid made from sulfur and by the contact process is gen- 
erally freer from impurities than acid made from pyrites. The latter 
is liable to contain arsenic and its associated metals. Acid made by 
the chamber process is usually contaminated with lead. Acid brought 
into contact with organic matter soon develops a brown or blackish 
color due to the carbonization of the organic material. 

Concentrated sulfuric acid will burn the skin or flesh very rapidly, 
so great care should be exercized in its handling. When poured into 
water sulfuric acid liberates a great amount of heat, which may cause 
the mixture to sputter and boil up, and so throw the acid out on the 
person handling it. In mixing strong sulfuric acid and water the acid 
should always be added to the water and gradually ; water should never 
be poured on sulfuric acid, and the strong acid in no case should ever 
be poured into hot water. 

Sulfuric acid is the widely used commercial acid, and is the cheap- 
est, strongest and most important of the mineral acids. It dissolves 
most metals with the exception of lead and certain of the so-called 
“noble’’ metals, like gold, platinum, etc. Sulfuric acid of over 130° 
Tw. does not attack iron, so that strong acid may be safely shipped in 
tank cars and used in iron vessels. Strong sulfuric acid decomposes 
all the textile fibers; in dilute solution it does not iniure the animal 
fibers (wool and silk), but it weakens the vegetable fibers, especially 
when the acid solution is allowed to dry into the material. 

3. Qualitative Tests with Sulfuric Acid. 

(a) Mineral matter; this may consist of sodium sulfate, gypsum, 
etc. Its presence is shown by ignition of a sample of the acid, when 
the residue should not be more than i percent, (b) Iron; this is tested 
for in the usual manner by diluting a portion of the acid with water 
and warming with a drop of nitric acid, then adding a few drops of a 
solution of potassium sulfocyanide, when a red color will be produced 
if iron is present; or instead, a few drops of a solution of potassium 
ferrocyanide may be added, which will give a blue color in the pres- 
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ence of iron, (c) arsenic; sulfuric acid is liable to contain this im- 
purity from the iron pyrites used in its manufacture. To determine 
the presence of arsenic, dilute about 25 c.c. of the acid with 150 c.c, 
of water and treat with a current of hydrogen sulfide ^as ; if arsenic is 
present in any considerable amount, a yellow precipitate will be 
formed. A more delicate test is to dissolve a piece of pure zinc in a 
portion of the diluted acid, conduct the liberated hydrogen gas through 
a glass tube, ignite the gas as it emerges from the tube, and let the 
flame play against a cold surface of porcelain, the formation of a 
metallic mirror will indicate the presence of arsenic, (d) Lead suU 
fate; this is indicated by the formation of a white cloudiness when a 
sample of the acid is diluted with water; lead sulfate being soluble in 
concentrated sulfuric acid, but not in the dilute acid, (e) Nitrogen 
acids; these may be detected by taking about 5 c.Cc of the acid in a 
test-tube, and carefully adding about the same amount of a solution of 
ferrous sulfate; the formation of a brownish purple ring where the 
two liquids meet will indicate the presence of nitrogen acids. (/) Sul- 
fur oiis acid: this is liable to occur in the commercial sulfuric acid, and 
is undesirable on account of its bleaching action on many coloring 
matters. It may be detected by taking 5 c.c. of the acid, diluting to 
about 20 c.c. with water, and adding a drop of a dilute solution of 
potassium permanganate : if the latter is immediately decolorized, the 
presence of sulfurous acid is indicated, ig) Organic matter; this is 
indicated by the brownish color of the acid. Strong sulfuric acid left 
exposed to the air for any length of time will become brown in color, 
due to particles of dust and organic matter being absorbed by the acid 
and caibonized. In general, this impurity only consists of minute par- 
ticles O'’ carbon in suspension, and exerts no deleterious effect in the 
majority of cases where the acid may be employed. 

4. Analysis of Sulfuric Acid. 

1'he strength of this acid is generally determined by reference to 
its .density, as is shown in the table given below. The total acid in a 
sample of sulfuric acid mav also be determined by titration with a 
standard solution of alkali in the folknving manner: 25 c.c. of the 
sample is weighed in a beaker and then poured into about 500 c.c. of 
water; after cooling, the solution is diluted to one liter; 25 c.c. of this 
solution is then titrated with normal caustic soda, using Methyl Orange 
as the indicator ; each c.c. of the alkali is equivalent to 0.049 gm. of 
sulfuric acid. Another method is to weigh out 1.082 gm. of pure 
sodium carbonate, dissolve this in water, and then run in from a 
burette the solution of sulfuric acid described above, using Methyl 
Orange ^ as the indicator; the number of c.c. of acid required for neu- 
tralization will contain exactly i gm. of sulfuric acid. 

Example . — 25 cc. of sulfuric acid weighed 46 gnis. ; this was diluted to 
one liter, and it required 22.5 c.c. of the solution to neutralize 1.082 gm. of 
sodium carbonate; hence 22.5 c.c. of the acid contain i gm. sulfuric acid, or the 
liter contains 44.44 gms., and this on 46 gms. would be 96.6 percent. 

* If the sulfuric acid being tested contains an appreciable amount of nitrous acid, 
Methyl Orange cannot be used as the indicator, unless the nitrous acid be previously re- 
moved by treatment with a small amount of potassium permanganate. 
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Strength of Sulfuric Acid Solutions (I) 


Tw.^* 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

36 

57 

5« 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 
7 ^ 
77 
7 ^ 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

8g 

90 

91 

92 
03 
94 


Percent 

SO« 

22.30 

22.82 

23.33 

23.84 

24 . 3 t) 

24.88 

25.30 

25.88 
26.35 

26.83 
27.29 
27.76 
2^22 
28.69 
29.15 

29.62 

30.10 

30.57 

31.04 
31-52 

31-99 

32.46 

32.94 

34- 35 

34.80 

35- 27 

35-71 

36.14 

36.58 
37.02 

37.45 

37.8^) 

38.32 

38.75 
30 18 

39.62 

40.05 
49.48 

40.91 

41.33 

41.76 

42.17 

4257 

42.96 

43.36 

43- 75 

44- 14 

44.53 

44.92 

45- 31 
45-69 
46.07 
46.45 


„ , Kilos, per 

6terof 
H2SO4 j H.SOi 


27.32 

27-95 

28.58 

29.21 

29.84 

30.48 

31.11 

31.70 

32.28 

32.86 

33.43 

34.00 

34.57 

35.14 

35.71 

36.29 

36.87 

37.45 

38.03 

3861 

39.19 

39.77 

40.35 
40.93 

41.50 

42.08 

42.66 

43.20 

43.74 

44-28 

4482 

45.35 

45.88 
46.41 
4694 

47.47 

48 00 

48.53 

49 06 

49.59 

50.11 

50.63 

51 15 

51.66 

52.15 

52.63 
53-11 

53.59 
54.07 

54.55 

55-03 

55.50 

55.97 

56.43 

56.90 



Percent 
SO3 1 

48.34 

48.73 

49.12 
49-51 
49.89 

50.28 

50.66 

51.04 

51.43 
51-78 

52.12 
52.46 

5279 

53- 12 

53-46 

53- >^ 

54- '3 

54- 46 

54.80 

55- 'i* 

55-55 

55- 93 

56- 30 

56.68 

57- 05 
57.40 
57.75 

58.09 

58.43 

58.77 

59.10 

59.45 
59-78 

60.46 
fo 82 
6f 20 

61.57 
61.91 

62.29 
62.64 
63.00 
63.35 
63.70 
6407 

64.43 

64.78 

65.14 
6550 
65.86 
66.22 

66.58 
66.94 
67.30 
67.65 

68.02 



Kilos, per 
liter 
II^SO* 


59-22 

59-70 

60.18 

60.65 

61.12 

61.59 

62.06 

62.53 

63.00 

63.43 
63.85 

64.26 

64.67 

65.08 

65.49 

65.90 

66.30 

66.71 

67.14 

67.59 

68.05 

68.51 

68.97 

60.43 

69.89 

70.32 

70.74 

71.16 

71.57 

71.99 

72.40 

72.87 

73.23 
73.64 
74-07 
74.51 

74- 97 

75- 42 
7586 
76.30 
76.73 

77.17 

77.60 
78.04 
78.48 
78.92 
79-36 
79.80 

80.24 

80.68 

81.12 

81.56 

82.00 

82.44 

82.88 

83.32 
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Strength of Sulfuric Acid Solutions (I) (Cont.) 


Tw.'^ 

Percent 

SO3 

Percent 

IbSO* 

Kilos, per 
liter of 
H2SO4 

Tw.° 

Percent 

SO3 

Percent 

H.SO* 

Kilos, per 
liter 
II.SO4 

158 

69.96 

85.70 

1.534 

167.6 

77.23 

94.60 

1.739 

159 

70.45 

86.30 

1.549 

167.8 

77.55 

95.00 

1.748 

160 

70.94 

86.90 

1.56^ 

168 

78.04 

95.60 

1.759 

161 

71.50 

87.60 

i-SSi 

168.2 

79.19 

97.00 

1.786 

162 

72.08 

88.30 

1.598 

HxS.3 

7976 

97.70 

1.799 

103 

72.69 

89.05 

1.621 

168.2 

80.16 

98 20 

1. 80S 

i (>4 

73.51 

90.05 

1.639 

168 

80 98 

99.20 

1.825 

I <^>5 

74.29 

91.00 

1.661 

167.8 

Si .39 

99.70 

1.834 

\(>6 

75.19 

92.10 

1.685 

167.7 

8r 59 

f/9.95 

1.838 

107 

76.27 

93 43 

1.713 






The number of pounds per gallon (fnip.) may be found by mul- 
liplying the kilos, per liter by lo, or for U. S. gallon by 8.3. 


Strength of Sulfuric Acid Solutions (11) 


Be.” 

Percent 

SO3 

Percent 

H2SO4 

Kilos, per 
liter 

H.SO* 

1 

Be" 

Percent 

SO. 

Percent 

H2SO. 

Kilos, per 
liter 
HaSO* 

0 

0.7 

0.9 

0009 

34 

32.8 

40.2 

0.526 

I 

1.5 

1.9 

0.019 

35 

33 -H 

41.6 

0.549 

2 

23 

2.8 

0.02<S 

36 

35.1 

43.0 

0.573 

3 

3.1 

3.8 

0.039 

37 

36.2 

44.4 

0-597 

4 

3.9 

4.8 

0049 

38 

37.2 

45.5 

0.617 

5 

4.7 

5.8 

0.060 

39 

38.3 

46.9 

0.642 

6 

5.6 

6.8 

0.071 

40 

39.5 

48.3 

0.668 

7 

6.4 

7.8 

0 082 

41 

40.7 

49.8 

0696 

8 

7.2 

8.8 

0093 

42 

41. 8 

51-2 

0 722 

9 

ko 

98 

0.105 

43 

42.9 

52.8 

0.749 

10 

8.8 

10.8 

0.116 

44 

44.1 

54.0 

0.777 

II 

9.7 

1 1.9 

0.129 

45 

45-2 

55.4 

0.805 

12 

10.6 

13 0 

0.142 

46 

46.1 

56.9 

0.835 

1*3 

11.5 

14.1 

0 155 

47 

47.6 

58.3 

0 864 

14 

12.4 

15.2 

o.t68 

48 

48.7 

59.6 

0.893 

15 

13.2 

16.2 

0.181 

49 

49.8 

61.0 

0.923 

16 

14.1 

17.3 

0.195 

50 

51.0 

62.5 

0956 

17 

15.1 

18.5 

0210 

51 

52.2 

64.0 

0.990 

18 

16.0 

19.6 

0.224 

52 

53-5 

65.5 

1.024 

19 

17.0 

20.8 

0.233 

53 

54.9 

67.0 

1.059 

20 

18.0 

22.2 

0.258 

54 

56.0 

68.6 

1.095 

21 

19.0 

23.3 

0.2^ 

55 

57.1 

70.0 

1.131 

22 

20.0 

24.5 

0.289 

56 

58.4 

71.6 

1. 170 

23 

21. 1 

25 8 

0.307 

57 

59 7 

73.2 

1. 210 

24 

22.1 

27.1 

0.325 

58 

61.0 

74.7 

1.248 

25 

23.2 

2^4 

0344 

59 

624 

76.4 

1.292 

26 

24.2 

29.6 

0.361 

60 

63.8 

78.1 

1.33b 

27 

25.3 

31.0 

0.382 

61 

65.2 

79.0 

1.384 

28 

26.3 

32.2 

0.400 

62 

66.7 

81.7 

1.432 

29 

27.3 

33.4 

0.418 

63 

68.7 

84.1 

0.492 

30 

28.3 

34.7 

0.438 

64 

70.6 

86.5 

1.554 

31 

29.4 

36.0 

0459 

65 

73.2 

89.7 

1.632 

32 

30.5 

37.4 

0.481 

66 

81.6 

100.0 

1.842 

33 

31.7 

38.8 



0.503 
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5. Hydrochloric Acid. 

This is principally known in trade as muriatic acid, and it has the 
formula of HCl. Hydrochloric acid is a gas under ordinary condi- 
tions, and the commercial liquid muriatic acid is a solution of the gas 
in water. It is obtained chiefly as a by-product in the manufacture of 
soda ash by the LeBlanc process, through the interaction of common 
salt (sodium chloride) with sulfuric acid. Hydrochloric acid dis- 
solves in water with great readiness, forming a colorless solution which 
fumes in the air. The saturated solution of the gas has a density of 
1. 21 and contains 43 percent of acid. Hydrocliloric acid is very 
reactive and dissolves most metals, as well as oxides and hydrates. “ 
When mixed with nitric acid, it forms aqua regia, an acid capable of 
dissolving gold. Commercial bydrocbloric acid usually has a density 
of 1. 1 2 to 1.19, and is of a yellow color, which may be due to the 
presence of organic matter or of iron; it is also apt to contain some 
sulfuric acid and traces of arsenic; but for technical purposes it is 
generally pure enough.® The acid mostly met with in trade has a 
density of 1.16 (20® Be. or 32° 'fw.) and contains 32 percent of acid.*^ 
For some purposes of bleaching hydrochloric acid is to be preferred to 
sulfuric acid by reason of the fact that the former furnishes an easily 
soluble salt with lime, whereas sulfuric acid gives a highly insoluble 
calcium sulfate with lime compounds (calcium sulfate is soluble in 400 
parts of water). On the other hand sulfuric acid is cheaper. 

6. Analysis of Hydrochloric Acid. 

(a) For total acid; the strength of hydrochloric acid for technical 
purposes is generally estimated by determining the density of the 
liquid, from which, by reference to the following table, the amount of 
acid may be calculated. If more accurate results are desired the acid 
may be titrated with a normal solution of caustic soda, using Methyl 
Orange as the indicator; each c.c. of normal caustic soda is equivalent 
to 0.0365 gm. of hydrochloric acid, IlCl; 50 c.c. of the sam])le are 
weighed out, diluted to one liter, and kx) c.c. of this solution is 
titrated, (b) For sulfuric acid; take 100 c.c. of the sample diluted 
as above, nearly neutralize with sodium carbonate, then add a slight 
excess of barium chloride solution which will precipitate any sulfuric 
acid present as barium sulfate; this is filtered off, dried, ignited and 
weighed as BavS04. Each j)art of the latter is equivalent to o.^ijot) gm. 
of sulfuric acid, (c) For hydrochloric acid; 100 c.c. of the acid solu- 
tion as above is neutralized wdth sodium carbonate, a few drops of 
potassium chromate are added and the liquid is titrated with normal 
silver nitrate solution until a faint orange color is developed. Each c.c. 
of normal silver nitrate is equivalent to 0.0365 gm. of hydrochloric 
acid, HCl. (d) For iron; 100 c.c. of the acid solution as above is 

• Hydrochloric acid att-icks iron very vigorously and also attacks lead, therefore this 
acid cannot be transported m either iron or lead-lined containers. It is usually sold in glass 
carboys, or on a large scale, in special wooden tanks. 

* In good commercial hydrochloric acid the content of sulfuric acid should not be more 
than 1 percent. 

‘The density in Tw." approximately represents the percentage strength of hydrochloric 
acid; for example acid of 32® Tw. contains approximately 32 percent of HCl. 



TESTING OF MATERIALS; ACIDS 635 

treated with a small piece of pure zinc, which causes the reduction of 
any iron to the ferrous condition ; after the zinc has dissolved, a small 
aniount of manganese chloride is added, and the solution is titrated 
with N/50 polassium permanganate, each c.c. of which is equivalent 
to 0.001 12 gm. of iron (Fe) or to 0.0016 gm. of iron oxide (FeaOg). 

A good grade of commercial hydrochloric acid should not contain 
more than i percent of sulfuric acid, and an acid employed for bleach- 
ing should not contain more than 0.03 percent of iron. A qualitative 
test for iron may be made with potassium sulfocyanidc solution (pro- 
duction of a red color) or with potassium ferrocyanidc (production of 
a blue color). The presence of free chlorine in hydrochloric acid may 
be tested by dipping a strip of filter paper saturated with a starch and 
potassium iodide mixture in a sample of the acid ; if the paper turns 
blue, the presence of free chlorine is indicated. 


Strength of Hydrochloric Acid Solutions (I) 


Tw.” 

Percent 

llCl 

niiis. of HCl 
per liter. 

Tw.° 

Percent 

HCl. 

Gms. of HCl 
per liter. 

0 

0.16 

1.6 

21 

20 97 

232 

I 

1. 15 

12 

22 

21.92 

243 

2 

2.14 

22 

23 

22.86 

255 

.1 

3.1^ 

32 

I “-t 

2382 

267 

4 

4-13 

42 

25 

24.78 

278 

5 

5.15 

53 

20 

25.75 

291 

6 

6.15 

O4 

2*7 

26.70 

303 

7 

7.15 

74 

28 

27.66 

315 

8 

8.16 

85 

29 

28.61 

328 

9 

9.16 

96 

30 

29.57 

340 

10 

10.17 

107 

31 

30.5s 

353 

1 1 

' Il.IcS 

1 18 

32 

31.52 

366 

12 

12.19 

129 

33 

32.49 

379 

13 

13.19 

141 

34 

3346 

392 

14 

14.17 

152 

35 

34-42 

404 

15 

15.16 

163 

36 

35.39 

418 

16 

16.IS 

174 

37 

36.31 

430 

T 7 

17.13 

186 

38 

37.23 

443 

t8 

18. 1 1 

197 

39 

38.16 

456 

19 

19.06 

20 <; 

40 

39.12 

469 

20 

20.01 

220 





It will be noticed that for each degree Twaddell density of hydro- 
chloric acid solutions there is approximately one percent of' acid 
present. 

Strength of Hydrochloric Acid Solutions (II) 



Percent of HCl. 

lie. 

l\‘rcent of 

0 

O.I 

17 

26.6 

1 

1.5 

18 

28.4 

2 

2.9 

19 

30.2 

3 

4-5 

19 5 

31.2 

4 

5.8 

20 

32.0 

5 

7.3 

20.5 

33-0 

6 

8.9 

21 

33.9 

7 

10.4 

21.5 

34.7 

8 

12.0 

22 

35.7 
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Strength of Hydrochloric Acid Solutions (II) — Continued. 


Be." 

Percent of HCl. 

Be." 

Percent of IICI. 

9 

13.4 

22.5 

36.8 

10 

150 

23 

37.9 

11 

16.5 

23.5 

39-0 

12 

18.1 

24 

39.8 

13 

19.9 

24.5 

41.2 

14 

21.5 

25 

42.4 

15 

23.1 

25.5 

42.9 

16 

24.8 




7. Acetic Acid. 

This acid differs from the preceding in that it is not a mineral but 
an organic acid ; that is, it is a carbon compound. At the present time 
acetic acid is chiefly obtained in the destructive distillation of wood, 
the crude acid being known as pyroligneous acid. This is saturated 
with lime and furnishes calcium acetate, which on distillation with 
sulfuric acid gives pure acetic acid. Acetic acid is also formed* in the 
fermentation of various fruit juices, notably cider, which furnishes 
vinegar, the latter owing its acid properties to acetic acid.® 

Acetic acid is usually sold in the form of a liquor of 1.041 specific 
gravity, or 8° Tw. (6° Be.), and containing about 30 percent of 
actual acetic acid. A more concentrated form lias a specific gravity of 
1.0052, or 10° Tw., and contains 40 percent of acid. Glacial acetic acid 
is a pungent smelling liquid, having a density of 11.6'^ Tw., and con- 
taining about 98.8 percent of acid. The name of this acid is derived 
from the fact that on cooling it deposits crystals of pure acetic acid. 
Acetic acid is not as strong in its acidic properties as the mineral acids, 
but as it serves equally well for the neutralization of alkalies, it is 
extensively employed in bleaching for that purpose. 

Commercial acetic acid is liable to contain the following impuri- 
ties: Sulfuric acid and sulfates, hydrochloric acid and chlorides, iron, 
lead, and lime. The presence of free sulfuric acid or sulfates may be 
detected by the addition of a solution of barium chloride, when a 
white precipitate will be formed. Hydrochloric acid or chlorides is 
detected by the addition of a solution of silver nitrate when a white 
precipitate will be formed. Lime is detected by the addition of a solu- 
tion of ammonium oxalate, which will form a white precipitate. Iron 
is detected by boiling a sample of the acid with a few drops of nitric 
acid and then adding a solution of potassium sulfocyanide, when a red 
color will be produced. Lead is detected by treating a sample of the 
acid with sulfuretted hydrogen, when a dark brown or black color 
will form. The dark color of some grades of acetic acid is due to the 
presence of organic or tarry substances. A good practical test for the 
presence of free mineral acids in acetic acid is to moisten strips of 
white calico with the acid, and dry these at 90 to 100° C. If mineral 
acid (sulfuric or hydrochloric) is present the calico will be tendered. 

•Ordinary commercial grades of acetic aiid contain from 6 to 15 percent of propionic and 
butyric acids. These acids are higher homologucs of the same series as acetic acid, and 
as a rule do not interfere with the customary uses of the acetic acid, and in the analysis 
of acetic acid they are included in the^ general term of acid strength. Glacial acetic acid 
on the other hand contains very littjc, if any, of these other acids. 
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The strength of acetic acid may be determined by titration with standard 
alkali, using phenolphthalein as an indicator; 25 c.c. of the sample are 
weighed and diluted with water to 500 c.c. ; 100 c.c. of this solution are 
titrated with normal caustic soda, each c.c. of the latter being equiva- 
lent to 0.060 gm. of acetic acid. For general purposes a chemical 
analysis is not required for acetic acid, as the density is taken to repre- 
sent the amount of acid present. On account of the fact, however, 
that solutions of acetic acid above density of 1.055 show an anomaly 
between the density and the amount of acetic acid this method is of no 
avail for high perccjita^es of acid, because densities above this point 
correspond to two solutions of different strengths. In order to tell if 
a certain acid (of higher density than 1.055) contains more or less 
than 77 percent of acid, a little water may be added, and the density 
again taken ; if the density increases, the acid was stronger than 77 
j)crccnt; if otherwise, the acid was weaker. 

Stkength of Acetic Acid Soi.uiions 


Percenf 

Acetic 

Acid 

Sp, Gr. 

Percent 

Acetic 

Acid 

Sp. Gr. 

Percent 

Acetic 

Acid 

Sp. Gr. 

Percent 

Acetic 

Acid 

Sp. Gr. 

0 

0.0902 

26 

1.0363 

52 

1.0631 

77 

1.0748 

1 

1.0007 

27 

1.0375 

S3 

1.0638 

7^ 

1.0748 

2 

1.0022 

28 

1.0388 

54 

1.0646 

79 

1.0748 

3 

1.0037 

29 

1.0400 

55 

1.0653 

80 

1.0748 

4 

1 .0052 

30 

1. 041 2 

56 

T.0660 

81 i 

1.0747 

5 

1.0067 

31 

1.0424 

57 

1.0666 

82 

1.0746 

6 

1.0083 

32 

1.0436 

58 

1.0673 

83 

1.0744 

7 

1.0098 

33 

1.0447 

59 

1.0679 

&4 

1.0742 

8 

1.0113 

34 

1.0459 

60 

1.0685 

85 

10739 

9 

1 1. 0127 

35 

1.0470 

61 

1.0691 

86 

1.0736 

10 

1.0142 

3d 

1.0481 

62 

T.0697 

87 

1. 0731 

II 

1.0157 

37 

I.04Q2 

63 

1. 0701 

88 

1.0726 

12 

1.0171 

38 

1.0501 

64 

1.0707 

89 

1.0720 

13 

1.0185 

39 

I.O513 

65 

1.0712 

90 

1.0713 

14 

1.0200 

40 

1.0523 

66 

1.0717 

91 

1.0705 

15 

1.0214 

41 

1.0533 

67 

1. 072 1 

92 

1.0696 

16 

1.0228 

42 

1.0543 

68 

1.0725 

93 

1.0686 

17 

1.0242 

43 

1.0552 

69 

1.0729 

94 

1.0674 

18 

1.0256 

44 

1.0562 

70 

1.0733 

95 

1.0660 

19 

1.0270 

4.S 

I.O571 

71 

1.0737 

96 

1.0644 

20 

1.0284 

46 

1.0580 

72 

1.0740 

97 

1.0625 

21 

1.0298 

47 

1.0589 

73 

1.0742 

98 

1.0604 

22 

1.0311 

48 

1.0598 

74 

1.0744 

99 

1.0580 

23 

1.0324 

49 

1.0607 

75 

1.0746 

100 

1.0553 

24 

1.0337 

50 

1.0615 

76 

1.0747 



25 

1.0350 

51 

1.0623 






8. Oxalic Acid. 

This acid is a dibasic organic acid and belongs to a different series 
than acetic and formic acids. It has the chemical formula 
COOH 

I = H2QO4, though the commercial product is a crystalline 
COOH 

body having 2 molecules of water of crystallization, H2C3O4.2H2O. 
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Oxalic acid is made by fusing caustic potash with sawdust. It is 
readily soluble in water, i part dissolving in 8 parts of water at yo° F. 
and in 1/3 part of water at 190^^ F. Oxalic acid is rather strong in its 
acidic properties and is poisonous ; it forms two series of salts, oxa- 
lates such as K2QO4 and binoxalates like KHC2O4. The sodium 
and potassium oxalates are soluble in water but calcium oxalate is very 
insoluble, on which account the addition of ammonium oxalate is fre- 
quently recommended for the correction of hard water. Oxalic acid 
is also frequently employed in bleaching for the removal of rust stains 
(of iron), for which purpose it is very efficient. It does not injure 
vegetable fibers in the manner of the mineral acids, though if a strong 
solution of oxalic acid is allowed to dry into cotton it is liable to cause 
tendering, supposedly due to the fact that the acid crystallizes in the 
fiber and produces a bursting strain. 

The commercial crystal oxalic acid is usually of high purity. Its 
analysis may be carried out by titration with normal alkali, or the fact 
may be utilized that it reacts quantitatively with potassium permanga- 
nate, thereby decolorizing the latter and consequently a norm^ solu- 
tion of potassium permanganate may be used for its titration. 

9. Formic Acid. 

This acid has of late years attracted considerable attention for use 
in dyeing and bleaching as a substitute for acetic and sulfuric acids. 
Formic acid belongs to the same scries of compounds as acetic acid, 
being the first member of the series and having the formula H. COOIL 
It is a strong acid but is quite volatile on drying and does not injure 
cotton. The commercial product is usually a 40 percent solution of 
formic acid in water, although at times it may be supplied in strengths 
up to even 85 percent. 



Chapter XXXII. 

Testing of Materials Used in Blcaehing; Bleaching 
Compounds. 


I. Sulfurous Acid. 

I'lie chief compounds of sulfur which find a commercial application 
in hleaching arc sulfur (sulfurous acid), .sodiiun bi.iulfitc, sodium 
hydrosulfitc and sodium ihiosulfatc. 

(a) Sulfur . — This is employed for the purpose of generating sul- 
furous acid gas lyv burning in ihc air, the sulfurous acid gas (sulfur 
fumes, or sulfur dioxide) being then used for the bleaching of wool. 
Sulfur occurs native, the principal source at the present time being the 
underground sulfur beds of Louisiana and Texas. It is also obtained 
from Sicily and most other volcanic regions. The commercial articld 
is seldom for technical purposes. 

{b) Sulfurous Acid . — This is obtained when sulfur or sulfides 
are burnt in the air. It is ah^o obtained by heating copi)er turnings 
with sulfuric acid. Sulfurous acid, or sulfur dioxidt*, S(’)^, is a color- 
less gas possessing a characteristic pungent odor. It can he Hqiielied 
under i ressure, and is now' prepared commcicially in this form, being 
contained in stout iron cylinders. Sulfur dioxide is quite soluble in 
water, at icT’ . about 51 volumes of the gas being absorbed. In the 
solution there may be considered as being present true sulfurc-us acid, 
ITovSt T,, but this like carbonic acid cannot be isolated, as on evaporation 
or boiling of the solution the gas is gradually expelled, h'or purposes 
of bleacliing, sulfur dioxide is usually ])repared by the bleacher him- 
self, either by burning sulfur in the air, or by the action of acids on 
solutions of sodium bisulfite. It can, lutwever, be obtained in the form 
of a .solution in water, or in the liqueluxl state, as already mentioned. 
Solutions of sulfur dioxide arc anal^ved in the same manner as those 

.SiRFXcni OF SniFUROLfs A(ap Sor.UTiriNS 


Density 

Per- 

cent 

SO, 

Density 

Per- 

cent 

.SO, 


Den.sity 


Per- 

cent 

SO, 

Sp. Gr. 

Tw.° 

]](A 

jsp. Gr. 

Tw.° 

Be." 

Sp. Gr. 

4'w.° 

Be." 

1.0028 

0.56 

0.3 

0.5 

1.0221 

4.42 

3-0 

4.0 

1. 040 1 

8.02 

5-4 

7.5 

1.0056 

1. 12 

0.7 

I.O 

T.O248 

4.06 

3.4 

4-5 

r.0426 

8-5-^ 

5.7 

8.0 

I 0085 

1.70 

1.2 

1-5 

1.0275 

5.50 

38 

5-0 

1.0450 

9.00 

6.0 

8.5 

1.0113 

2.26 

I 

2.0 

1.0302 

604 

4.1 

5-5 

1.0474 

948 

6.4 

9-0 

1.0141 

2.82 

2 0 


1.0328 

L56 

4.4 

6 0 

T.04Q7 

0-94 

6.7 

9.5 

I 0168 

3-36 

*-’.3 

30 

1-0353 

7.06 

47 


1. 05 20 

10.40 

7.0 

1 0.0 

1. 01 94 

3.88 

2.6 

3.5 

1.0377 

7-54 

5.0 

7.0 

1-0543 

10.86 j 

7.3 

10.5 
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of sodium bisulfite, the amount of sulfurous acid being estimated by 
means of iodine and sodium thiosulfate solutions. The usual means, 
however, for determining the strength of solutions of sulfur dioxide 
is to refer to their densities. There is given on page 639 a table show- 
ing the percentages of sulfur dioxide in solutions of different densities. 
The percentage of aqueous sulfurous acid, H2SO3, may be obtained 
from these figures by multiplying by the factor 1.28. 

2. Sodium Bisulfite. 

This is employed very extensively in the bleaching of wool for the 
purpose of generating sulfurous acid gas by treatment with acids. 
Sodium bisulfite is formed by saturating a solution of soda ash with 
sulfurous acid gas, and it possesses the chemical formula NaHSOj. 
When treated with strong acids the following reaction takes place : 

NaHSOa + IICl = NaCl + SO^ + H.O. 

Sodi\mi bisulfite occurs in trade in the form either of a solution or 
of a white powdery solid.^ The liquid usually has a density of from 
38° to 40° Be. (74° to 80° Tw.), The customary technical analysis of 
sodium bisulfite, either as liquid or solid, includes only a determination 
of the amount of sulfurous acid gas it is capable of generating. This 
estimation is carried out as follows: Take i gm. of the sample (or if a 
liquid use 20 c.c.) and dissolve in water, and dilute to i liter; 20 c.c. 
of this solution are stirred into 50 c.c. of a N/10 iodine solution. The 
excess of iodine is then determined by a titration with a N/io solution 
of sodium thiosulfate. Each c.c. of iodine solution neutralized by the 
sodium bisulfite solution is equivalent to o.cx)32 gm. of sulfurous acid 
gas, or sulfur dioxide, SC).^. The N/io solution of iodine is prepared 
by dissolving 12.686 gms. of pure iodine and about 30 gms. pure potas- 
sium iodide in 250 c.c. of water; when the iodine has completely dis- 
.solved, dilute the solution to i liter. In the titration of the excess of 
iodine solution with sodium thiosulfate a solution of starch is used as 
the indicator, as described under the analysis of bleaching powder. 

Commercial sodium bisulfite may contain on the one hand free 
sulfurous acid, or on the other hand, normal sodium sulfite.^ In order 
to detect which is present, a few drops of Methyl Orange solution are 
added to the diluted solution of the sample ; if the liquid acquires a red 
color, free sulfurous acid is present; whereas, if the liquid assumes a 
yellow color, normal sodium sulfite is present. To determine the 
amount of free sulfurous acid present, take 50 c.c. of the sodium 
bisulfite solution prepared as above, add a few drops of Methyl Orange 

’ The solid bisulfite is a white crystalline powder evolving rather a pronounced odor of 
sulfurous acid. It decomposes rather rapidly if exposed to moist air and is quite difficultly 
soluble, especially where it is desired to prepare concentrated solutions; on this account the 
liquid bisulfite is preferred by many users. Liquid bisulfite of 38® to 40® Be. contains 24 
to 25 percent of SO2, while the powder bisulfite contains about 60 to 62 percent of SOn. 
so that 100 parts of bisulfite powder are equivalent to about 260 parts of bisulfite liquid. 

* The liquid containing free sulfurous acid is marketed in wooden containers or glass 
carboys; that containing tree neutral sodium sulfite may be shipped in iron containers. Iron 
is a frequent contaraination in commercial sodium bisulfite solutions and gives the solution 
a yellow color. Liquid of this character .should not he used for bleaching purposes, as it is 
liable to produce stains, and if the bleached material is subsequently used for dyeing the 
resulting colors are apt to be dull. 
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solution, and titrate with N/io caustic soda solution until the red tint is 
discharged. Each c.c. of soda required is equivalent to 0.0032 gm. of 
sulfur dioxide existing as free sulfurous acid. To determine the 
amount of normal sodium sulfite, NanSO,-^, which may be present, take 
50 c.c. of the sodium bisulfite solution, add a few drops of Methyl 
Orange solution, and titrate with N/io sulfuric acid until the yellow 
color is discharged. Each c.c. of acid required is equivalent to 0.0031 
gm. of alkali existing as sodium sulfite, or to 0.0063 gm. of sodium 
sulfite, Na2S03. 

Besides the extensive use of sodium bisulfite for bleaching, it is 
also employed at times for neutralizing excess of chlorine in materials 
bleached with chloride of lime or hypochlorites, in which case it is 
known under the name of antichlor.^ The solution of sodium bisul- 
fite, if kept in well closed vessels, appears to be somewhat more stable 
than the solid, for the latter on heating, or even on exposure to moist 
air, rapidly evolves sulfurous acid gas and suffers considerable de- 
terioration in strength. Solutions of sodium bisulfite of greater den- 
sity than 62° Tw. arc liable to deposit crystals of the salt in cold 
weather, and hence, lose their strength. 

The following table gives the strength of sodium bisulfite solutions 
of different densities. 


Strength of Sodium Bisuiftie Solutions 


Be.” 

Percent 

Percent 

Be.” 

Percent 

Percent 

NaHSOs 

SOi 

NallSOa 

SO* 

I 

1.6 

04 

21 

16.5 

10.2 

3 1 

2.1 

1.3 

23 

18.5 

1 1.5 

5 

3.6 

2.2 

25 

20.9 

12.9 

7 

5-1 

3.1 

27 

23.5 

14-5 

9 

6.5 

39 

29 

25.9 

15-9 

II 

8.0 

4.8 

31 

28.9 

17.8 

13 

9.5 

5.7 

33 

317 

19.6 

15 

11.2 

6.8 

35 

34-7 

22.5 

17 

12.8 

7.8 

37 

38.0 

23.6 

19 

14.6 

9.0 





3. Hydrosulfites. 

Sodium hydrosulfite is formed when solutions of sodium bisulfite 
are treated with zinc dust, and it has the formula NallSOg. It has a 
stronger reducing power than sodium bisulfite, and acts as a powerful 
bleaching agent. The salt is very unstable, and gradually decomposes 
even in solution, being oxidized to the bisufitc. It cannot be isolated 
from its solution. Sodium hydrosulfite is usually prepared by the 
bleacher himself as wanted, though of late there have appeared on the 

• Sodium bisulfite is also used at times in cotton bleaching as an addition to the kier-boil 
to prevent the formation of oxycellulose. Its value in this connection, however, is some- 
what problematical. It is, hovievcr, used in connection with the permanganate bleach as an 
after-treatment for the purpose of reducing and removing the brown deposit of hydrated 
manganese dioxide. It is also a valuable agent for the stripping of dyed goods, being 
used in this case generally in connection with zinc dust, thus forming sodium hydrosulfite. 
The use of sodium bisulfite as an antichlor depends upon the following reaction; 

NaHSOa + 2CI + IlaO - NaHSO* + 2HCI 
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market several forms of hydrosulfite compounds of comparative sta- 
bility, the most important is that obtained by combination of the 
sodium hydrosulfite with formaldehyde. In order to ascertain the 
strength of a solution of sodium hydrosulfite, the following procedure 
is recommended: 100 c.c. of a standard solution of indigo-sulfonic 
acid ^ are placed in a porcelain dish ; the hydrosulfite solution to be 
tested is sucked up into a burette (pouring the solution into the burette 
would cause oxidation of the hydrosulfite and consequently an error 
in the results) and run into the indigo solution until the blue color 
disappears. The indigo solution is best prepared by treating i gni. of 
pure indigo powder with 6 gms. of concentrated sulfuric acid, stirring 
carefully with a glass rod and allowing to stand for about 5 hours at 
a temperature of about 120^" F. ; then dissolve in water and dilute to 
I liter. 100 c.c. of this solution is equivalent to o.i gm. of indigo. A 
good concentrated solution of sodium hydrosulfite should require 0.8 
c.c. to decolorize the 100 c.c. of indigo solution, while a dilute solution 
should require 1.7 c.c. for the same purpose. 

The following is a list of the more important stable hydrosulfite 
preparations at present on the market. 


Name, 


1. Rongalite C 

2. Hydrosulfite N F cone.. 

3. Hyraldite C Extra 

4. Rongalite C W 

5. Hydrosulfite N F W cone 

6. Hyraldite C W Extra 


7. Rongalite C simple.. 
8 Hydrosulfite N F. 

9. Hyraldite A 


10. Rongalite C W simple 
n. Ilydrosulfite N F Vv. 

12. Hyraldite W 

13. Rongalite Special 

14. Hydrosulfite N F Spcnalconc 

15. Hyraldite Special 


16. Decroline 

17. Hydrosulfite A Z . 

18. Hyraldite Z 


ig. Ilydrosulfite cone. '.A.S F. 

powder 

20. Blankit | 

21. Hydrosulfite cone. I LB 

powder 


Maker. 

Composition. 

1 

Employment. 

P.adische ' 

Hoechst 

Cassclla 

\ Sul|>hox\late of soda-formaldc- 
j hyde Nal LSOj-f CH^(3-i-2HoO 

Discharges on dyed 
cottons. 

I’adischc ' 
1 Io( chst 
Tassel la 

N 'J'hc same product as i, 2, and 3, 
L but \\ith an addition of zinc 

J oxide. 

Discharges on 
wool. 

Padisclie 

1 loechst 
Cassclla 

\ The double compound of sul- 
plioxylate of soda-forrnalde- 
hyde and bisulfite of soda- 
f formaldehyde {NaHSOo-j-CILO 
+ 2H.O] + [NallSOa -{- CHnO 

J -ilLO]. 

Discharges on 
cotton. 

P.adische 

Hoechst 

Cassclla 

■j The same product as 7, 8. and 9, 
V but containing an aildition of 
J zinc oxide. 

Discharges on 
wool. 

Badische 

Hoechst 

Cassclla 

T The same as T, 2, and 3, hut 
L with an addition of a catalytic 
J agent, such as Induhnc Scarlet. 

Discharges on 
cotton. 

Padische 

Hoechst 

Cassclla 

\ The basic sulphnxylate of zinc- 
I formaldehyde, insoluble in 

1 water, but soluble m acetic 

J acid (ZnOH) HSOa-fCHaO. 

Stripping 

colors. 

Badische 

Badische 

Hoechst 

^ Hy flrosulfite of soda free froml 
water. 

- 

For the setting of 
vats with indigo, 
the vat dyes, 
etc , and for 
bleaching certain 
animal and vege- 
table products. 


4. Zinc Dust. 

This substance is liable to contain zinc oxide and iron as impurities, 
and its valuation is based on the amount of metallic zinc it contains. 

* Also known as Indigotine or Indigo Extract, it is the sodium salt of indigo-disulfonic 
acid. The free acid itself may also be used. 
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The analysis is conducted as follows: 0.662 gm. of the zinc dust are 
taken and mixed with 80 c.c. of a solution of potassium bichromate 
containing 25 gms. per liter, and with 10 c.c. dilute sulfuric acid; after 
ten to fifteen minutes a second similar addition of acid is made, and 
later a third, stirring from time to time; 10 c.c. of concentrated sul- 
furic acid diluted with its own volume of water is next added, fol- 
lowed by the addition of about 10 gms. of pure ferrous ammonium 
sulfate. The excess of ferrous salt is then determined by titration 
with the solution of potassium bichromate. The number of c.c. of 
bichi ornate employed in the titration added to the 80 c.c. originally 
used and multiplied by the factor 0.025 will give the amount in grams 
of potassium bichromate used; the number of grams of ferrous am- 
monium sulfate added multiplied by the factor 0.1255 will give the 
amount of potassium bichromate used up by the iron salt; this latter 
subtracted from the total bichromate used gives the amount reduced by 
the zinc present in the sample, and the latter figure multiplied by 100 
gives directly the percentage of zinc in the sample. 

Another method® for the analysis of zinc dust is the following: 
About 0.5 gm. of the sample is weighed out and placed in a stop- 
pered 250 c.c. flask, and 25 c.c. water is added. The mixture is well 
shaken and then 7 gms. of ferric sulfate are added, and the shaking 
continued. In about 15 minutes, the zinc will have dissolved with the 
exception of impurities ; 25 c.c. of strong sulfuric acid are then added, 
and the flask filled with water to the 250 c.c. mark. 50 c.c. of this 
solution, after dilution with 50 c.c. of water, are titrated with standard 
potassbim permanganate solution. Each c.c. of normal permanganate 
is equi ulent to 0.0325 gm. of zinc, Zn. 

5. Sodium Thiosulfate. 

This compound is also known as sodium hyposuldte, or simply as 
‘'hypo,’’ and is largely employed in photographic work. It is used by 
the bleacher for removing traces of chlorine from material which has 
been bleached with chloride of lime. ^Vhen used as an antichlor the 
following reaction takes place : ^ 

2Na,S A -f a, = 2N^C1 -f Na,S A. 

Sodium thiosulfate is usually obtained from alkali waste and is 
one of the by-products worked up from the residues in the LeBlanc 
method of manufacturing soda ash. It occurs in the form of crystals 
which are readily soluble in water. Its solution is decomposed by the 
addition of hydrochloric acid, sulfur being precipitated and sulfur 

•Wahl. Jour. Soc. Chem. Ind , 1897, P- ? 5 - 

•According to some authoiitics the reaction proceeds as follows: 

NaaSaOg + 8 C 1 + 51120 == NanSO* + H2SO4 + 8HCI 
The reaction with hypochlorous acid is given as follows: 

NasSsOs + 4HO Cl 4 - H2O - Na2S04 + HnSO* + 4HCI 
If the hyposulfite is in excess the liberated hydrochloric acid will decompose it with the 

formation of free sulfur: xt <-1 1 cr» 1 c 

Na2S203 + 2HCI = zNaCl + SO* + S. 

Just which reaction takes place is no doubt a matter of conditions. From the fact that 
free sulfur is very often liberated m the use of sodium thiosulfate as an antichlor, it is to be 
presumed that there are also other side reactions taking place not indicated by either of 
the above two equations. 
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dioxide liberated. Sodium thiosulfate may be analyzed by titration 
with a N/io solution of iodine, using starch paste as the indicator. 
Each c.c. of N/io iodine solution is equivalent to 0.0158 gm. of 
NaaSjOg or to 0.0248 gm. of NagSaOg.sHgO ; the latter figure being 
given because the crystallized salt contains 5 molecules of water of 
crystallization, as indicated in the latter formula. 

Sodium thiosulfate is not used much at the present time as an anti- 
chlor, being replaced by sodium bisulfite. The latter is preferred as it 
is not liable to liberate free sulfur and thus produce the so-called 
^‘sulfur stains” which sometimes occur with the use of sodium thiosul- 
fate. According to W. Kind 100 parts of sodium thiosulfate neutral- 
ize 1 14 parts of chlorine, while 100 parts of sodium bisulfite neutralize 
only 68 parts of chlorine. 

6. Chloride of Lime. 

The principal chlorine compounds employed in bleaching are chlo- 
ride of lime, sodium hypochlorite, liquid chlorine, and electrolytic hypo- 
chlorite liquors. Chloride of lime is technically known as bleaching 
powder, or chemic. The commercial product usually contains from 35 
to 37 percent of available chlorine. By available chlorine is meant 
that which is capable of being used in bleaching, or which exists in 
the form of hypochlorous acid.^ Chloride of lime is made by allow- 
ing chlorine gas to act on slaked lime. Commercial chloride of lime 
occurs as a yellowish white powder which possesses the odor of hypo- 
chlorous acid, and gradually takes up moisture from the air. It some- 
times contains calcium chlorate as an impurity ; but outside of the fact 
that this compound has no value as a bleaching agent, its presence 
is generally unimportant. Calcium hydrate and calcium chloride are 
also usually present. Bleaching powder may be analyzed by several 
different methods, based principally on the oxidizing power of the 
available chlorine present.® 

(a) Penot's method. — In this method the solution of bleaching 
powder is titrated with a standard solution of sodium arsenite, the 
available chlorine oxidizing the latter to sodium arsenate. The process 
is carried out as follows: 7.10 gms. of the sample of bleaching powder 
are put in a small mortar and rubbed into a thin cream with water, 
after which it is washed into a liter flask and diluted to the mark with 
water and well shaken. Then 50 c.c. of the turbid liquid (correspond- 

’ The term “available chlorine” as applied to hypochlorite blcachinff compounds is some- 
what of a misnomer; what really is meant by the term is oxidizing power in units of 
nascent oxygen. In this connection i atom of chlorine is equivalent to x atom of oxygen 
(HO. Cl = HCn + O), which accounts for the fact that the content of chlorine in hypo- 
chlorites seems twice as high as it really is. For example when loo parts of chlorine gas 
arc absorbed in caustic soda solution there is formed sodium hypochlorite and sodium 
chloride: 

aNaOH + Cl, = NaOCl + NaCl + H2O; 

one-half of the chlorine only resulting in hypochlorite. But if this solution is analyzed 
there will be found 100 parts of “available chlorine.” The same is true with bleacning 
powder; this product usually shows a content of about 35 percent of “available chloririe 
in the form of hypochlorite. As a matter of fact, only onc-half of this amount of chlorine 
exists as calcium hypochlorite in a solution of bleaching powder, the other half presumably 
existing as calcium chloride, and the chlorine in the latter product does liot enter into the 
reaction connected with the estimation of “available chlorine.” , . , 

•A full discussion of the constitution and reactions of bleaching powder is given in 
Chapter XIII. 
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ing to 0.355 of the sample) are withdrawn ® and titrated in a 
porcelain basin with continual stirring with N/io sodium arseiiite solu- 
tion, until the liquid ceases to give a blue color when a drop is placed 
with a glass rod on a filter paper moistened with a solution of potas- 
sium iodide and starch. Each c.c. of the sodium arscnite solution used 
is equivalent to i percent of available chlorine, or to 0.00355 of 
chlorine.^^ N/io solution of sodium arscnilc may be prepared by dis- 
solving 4.95 gms. of pure resublimcd arsenious oxide and 10 gms. of 
pure sodium carbonate in 200 c.c. of water, boiling until solution is 
complete, then cooling and diluting to one liter. The solution may be 
checked by titration against a N/io solution of iodine. The potassium 
iodide and starch paper employed as the indicator may be prepared by 


Titration of Bleach Solutions 


N/io 

Arscnite 

c.c. 


Available 

Chlorine 


On I c c. 

Sample 

On 10 c c. Sample 

Gins, per Lit. 

Ozs. per Gal. 

Gms. per Lit. 

Ozs. per Gal. 

005 

0.177 

o.o.^35 

0.0177 

0.00235 


0.35s 

0.0472 

0.0355 

0.00472 

0.2 

0.7 10 

0.00.44 

0.0710 

0.00944 

0..3 

1. 06s 

0.1416 

0.1065 j 

0.01416 

04 

1.420 

0.S88 

0.T420 1 

0.01888 

05 

1.775 

0.2360 

0.1775 

0.02360 

0.6 

2.130 

0 2832 

0.2130 

0.02832 

c 7 

2485 

0.3304 

0.2485 

0.03304 

o.s 

2.840 

0 3776 

0.2840 

0.03776 

0.9 

3.195 

0 4248 

03195 

0.04248 

T.O 

3.550 

0.472 

0.355 

0.0472 

20 

7.10 

0 044 

0.710 

0.0940 

3-0 

io.6s 

I 416 

1 066 

0.1416 

4.0 

14.20 

1.&S8 

1.420 

0.1888 

50 

17.75 

2.360 

1.775 

0.2360 

6.0 

21.30 

00 

2.130 

0.2832 

70 

24.85 

3.304 

2.485 

0.3304 

8.0 

28.40 

3.776 

2.840 

0.3776 

90 

31.95 

4.248 

3.195 

0.4248 

lO.O 

35.50 

4720 

3.550 

0.4720 

IT.O 

39.05 

5.192 

3.905 

0.5192 

12.0 

42.60 

5.664 

4.260 

0.5664 

130 

46.15 

6.136 

4.615 

0.6136 

14.0 

49.70 

6.608 

4.970 

0.6608 

15.0 

53.25 

7.080 

5.325 

0.7080 

t 6 .o 

56.80 

7.552 

5.680 

0.7552 

17.0 

60.35 

8.024 

6035 

0.8024 

18.0 

63.90 

8.496 

6.390 

0.8496 

19.0 

67.45 

8.968 

6.745 

0.8^ 

20.0 

71.00 

9.440 

7.100 

0.9440 


® There has been considerable discussion as to whether tlie insoluble residue in bleaching 
powder solutions should be included in the titration or not. Fresenius recommends that 
It be titrated with the rest of the solution, while other authorities take the opposite course, 
and say that as this insoluble portion is not utilized in practice, in a technical analysis it 
should be disregarded, in whicn case the bleaching powder solution should be allowed to 
settle and only the clear liquor drawn off for titration. 

*®The chemical reaction between arsenious acid and chlorine is as follows: 

iVssQ* 4 “ 4CI + sHjO = 4HCI + aHiAsOi 
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saturating a piece of filter paper with a solution made by boiling about 
% gm. of starch, 34 gni. of potassium iodide, and i/io gni. of sodium 
carbonate with 50 c.c. of water. 

(b) Bunsen's method.— This is based on the oxidation of sodium 
thiosulfate with solutions of bleaching powder. On account of the 
fact, however, that it estimates the clilorine in both calcium hypo- 
chlorite and chlorate,^ it is not as well suited to the analysis of bleach- 
ing powder as the preceding method, dlie process is carried out as 
follows: 25 c.c. of the bleaching powder solution prepared as directed 
above (corresponding to 0.1775 sample) are diluted with 

about 200 c.c. of water, and 10 c.c. of potassium iodide solution and 
5 c.c. of concentrated hydrochloric acid added.^^ It is then titrated with 
N/io solution of sodium thiosulfate with the addition of a little starch 
solution ; when the blue color in the starch disappears tiTe titration is 
completed.^ ^ Each c.c. of the sodium thiosulfate used is equivalent to 
0-00355 g^- of available chlorine, so if the above amount of the sample 
of bleaching powder is taken, by multiplying the number of c.c. of 
thiosulfate used by 2 will give the percentage of available chlorine 
present. The N/io solution of sodium thiosulfate may be prepared by 
dissolving 24.8 gms. of pure crystallized sodium thiosulfate, NajS^O.^.- 
5H2O in water and diluting to one liter. The solution may be checked 
by titration against a N/io solution of iodine or a N/io solution of 
potassium bichromate. The starch solution is best prepared by rubbing 
about 34 gtn. of starch into a cream with a little water, then pouring 
into about 250 c.c. of boiling water, boiling for 15 minutes, and pour- 
ing off the clear solution for use.^'^ 

(r) Gay-Lussac s Method . — This is based on the use of a hydro- 
chloric acid solution of arsenious acid (4.409 grams of As^Og per 


” If it is desired to estimalo the amount of cakium chlorate in a sample of bleaching 
powder the following mithod of krcscnius may be used. It depends on the fact that 
hypochlorites react \Mth lead acetate to form lead peroxide whereas the chlorate present is 
unaffected. To carry out the analyses 20 gms. of the bleaching powder are ground up 
with water and made up to one liter; after settling 50 c c. i gm of bleach) are 

filtered off through a dry filter and mixed with an exeess of Ic.id acetate solution. There- is 
first formed a white precipitate of had chloride and lead hydroxide* which gradually becomes 
yellow and then brown, liberating chlorine and passing into learl peroxide. After the pre- 
cipitate has settled more lead acetate solution is added to make certain that the reaction 

is complete. Allow the mixture to stand in an open flask with frequent shaking until the 
smell of chlorine has disappeared (8 to 10 hours). Then filter and wash till neutral. Add 
sodium carbonate in slight txccss to the filtrate to precipitate the lead and lime as carbonates. 
Filter and evaporate filtrate nearly to dryness, then transfer to a Mohr apparatus and 
distill with hydrochloric aud, p.assing the liberated chlorine into potassium iodide solution 
and titrating the free iodine wth thiosulfate in the usual manner; one equivalent of iodine 
is equd to one equivalent of chloiate (CluOu). , ,, . -j . 

If acetic acid is used instead of hydrochloric the presence of chlorate is said not 

to affect the result. 

The chemical icactions involved are as follows: 


CI2 -f 2KI = 2KCI 4 - la 
h + 2 Na 2 S 203 Na2S40B + 2NaI 

In sampling commercial bleaching powder for analysis, care should be taken to obtain 
average and representative samples. This is usually done by running a sampling tube down 

through the cask of bit aching powder and then mixing thoroughly the sample of powder thus 

withdrawn. The strength of a cask of bleaching powder may exhibit considerable variation 
at different parts of the mass. In order to avoid loss in strength the samples should be 

kept in dry glass boltks in a cool dark jdacc. Casks of bleaching powder should not be 

stored in a warm place, as this m,ay cause liberation of chlorine gas and result m the breaking 
open or even explosion of the casks. . . , 1 • j . i, * „ n 

A simnle test to detect the presence of iron in bleaching powder is to heat a small sample 
of the latter to about 120“ F. If the smallest trace of iron is present the bleaching powder 
will assume a pinkish color, whereas in the absence of iron the powder will remain perfectly 
white. 
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liter) with indigo solution (sodium sulfindigotate) as an indicator. 
Ibc solution of bleaching powder is prepared with lo gms. of the 
sample per liter and this is titrated into jo c.c. of the arsenious acid 
solution to which a few drops of indigo solution have been added. 
1 he titration is continued until the blue color has disappeared. As lo 
c.c. of the arsenious acid solution correspond to lo c.c. of chlorine gas 
(at o ( . and 760 inm. pressure), in order to obtain the number of 
liters of chlorine gas corresponding to i kilo, of bleaching powder 
((ia^'-Lussac or French chlorometric degrees) divide the c.c. of cheinic 
solution used inUj jooo. This method is said to lack accuracy since 
the arsenious acid in dilute solution is slow in action and this makes 
the end-i)oint of the titration rather uncertain. 

A lapid technical method for the analysis of chcinic solutions is 
rccoinmeiukd as follows (Sutton). 4.95 grams of pure finely divided 
arsenious acid are dissolved with the aid of gentle heat in about 15 c.c. 
of glycerin and then diluted with water to i liter; 25 c.c. arc measured 
int(j a bask and i c.c. of indigo solution added. Ihc turbid solution of 
bleaching ])o\\der is poured into a suitable burette and before it has 
had time to settle, is delivered with constant shaking into the blue 
arsenious solution until the color is just discharged. 

Another rapid technical method especially adapted for use in bleach 
houses for the analysis of dilute chcinic solutions and bleaching baths 
is the use of a standardized indigo solution. This is prepared from 
pure sodium sulfindigotate, using 3 grams of sulfuric acid per liter, 
which gives an intense blue solution. This must first be standardized 
by titration with a solution of chcinic of known strength. It is con- 
venient V> have the indigo solution of such strength that 10 c.c. will be 
equivalent lo 0.005 gm. of available chlorine, in testing the chemic 
liquor, 20 c.c. are placed in a graduated cylinder and then the indigo 
solution is added in small portions and well shaken until a greenish 
blitg color persists. Every 10 c.c. of indigo solution used will be 
equivalent to 0.25 gm. of available chlorine per liter. 

Bleaching liquors consisting of chloride of lime in solution (gen- 
erally prepared by passing chlorine gas through milk of lime) may be 
analyzed in the same manner as given above for the estimation of the 
available chlorine in bleaching powder. 

The table on page 648 gdves the strength of bleaching powder solu- 
tions of different densities in terms of available chlorine. 

While the strength of freshly prepared solutions of bleaching 
powder may be determined with suitable practical accuracy by the 
hydrometer test, this is not true of old solutions or of bleach baths 
which have been in use for some time and which have been freshened 
up with additional chemic. There is a gradual accumulation of neutral 
salts (CaCF) in the bath which keep up the hydrometer reading and 
yet which do not affect the bleaching value or the content of available 
chlorine. The only method of accurately testing the strength of such 
bleach liquors is to subject them lo a chemical analysis for the deter- 
mination of the amount of available chlorine. 

A good sample of commercial chloride of lime should show a con- 
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Bleaching Powder Solutions 



Available Chlorine 

Chloride of 

Tvv.^ 

Available Chlorine 

Chloride of 

Tw.° 

Grams 
per Liter 

Ozs. 

per Gallon 

Lime 

Ozs. per Gal. 

Grams 
per Liter 

Ozs. 

per Gallon 

Lime 

Ozs. per Gal. 

% 

0.35 

0.0465 

0.16 

9 

26.62 

3.5405 

12.22 

^/4 

y2 

0.70 

0.0931 

0.32 

10 

29.41 

3.91 15 

13.50 

1.40 

0.1862 

0.64 

II 

32.68 

4.3464 

15.00 


2.05 

0.2727 

0.94 

12 

35 - 8 i 

4.7627 

16.43 


2.71 

0.3604 

1.24 

13 

38.71 

5.1484 

17.76 


3.38 

0.3495 

1.55 

14 

42.31 

5.6672 

19.42 

I/. 

4.15 

0 5520 

1.90 

15 

45.70 

6.0781 

20.97 

I '>4 

4.86 

0.6464 

2.23 

16 

48.96 

6.5117 

22.47 

2 

5.58 

0.7421 

2.56 

17 

52.27 

6.9519 

23.99 

2/2 

7-03 

0.9350 

3.22 

18 

55.18 

7.3389 

25.33 

3 

8.48 

1.1278 

3.89 

19 

58.33 

7.7579 

26.77 

4 

11.44 

1.5215 

5.25 

20 

61.17 

8.1356 

28.08 

5 

1447 

1.9245 

6.64 

21 

64.50 

8.5785 

29.60 

6 

17.36 

2.3088 

7.97 

22 

6)8.00 

9.0440 

31.21 

7 

8 

20.40 

23-7 S 

27132 

3.1588 

9 - 3 d 

10.90 

23 

71.50 

9.5095 

32.82 


tent of about 37 to 38 percent of available chlorine. American chlo- 
ride of lime in steel drums will frequently show a strength of 40 to 41 
percent of available chlorine. These high-strength bleaching powders, 
however, arc very disagreeable to handle as they readily evolve chlo- 
rine gas when the container is opened and the workmen who have to 
prepare the solutions are subjected to very obnoxious and injurious 
fumes. According to lAinge {Hamibuch der Sodafabrikation)^ chlo- 
ride of lime can be i>rcpared in the laboratory containing as high as 43 
percent of available chlorine and showing the following composition: 

Percent 

Calcium Oxide (CaO) .... ... 38.9 

Available Chlorine . . ... 43.13 

Chlorine as Chloride . . 0.29 (~ 0.44 percent Ca’Ch) 

Water , . 17.00 

Carbonic Acid (COi) 042 (nn: 0.95 percent CaCOj) 


According to Ditz, a commercial sample of bleaching powder was 
made up as follows : 

Percent 


Available Chlorine 40.40 

Free Lime (CaO) 4.90 

Calcium Carbonate (CaCOs) . . 4.45 

Calcium Chloride (CaCh) 0.35 

Water 17.56 


A completely saturated bleaching powder of the formula 


Ca 

should show a content of 48.9 percent of available chlorine. A hypo- 
chlorite of lime of very high strength (80 to 90 percent of available 
chlorine) can be prepared by saturating a milk of lime liquor with 
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chlorine, evaporating under vacuum and filtering off the separated 
crystals from the mother liquor.^® This material, however, has never 
been made commercially available. 

_ T he strength of bleaching powder solutions may be expressed 
either in terms of chlorometric degrees, as is customary in France, or 
m percentages of available chlorine, as is usual in England, America, 
and Germany. The chlorometric degrees gives the number of liters 
of available chlorine (measured at o° C. and 760 mm. pressure) con- 
tained in I kilo, of bleaching powder. To convert chlorometric de- 
grees into percentages of available chlorine, multiply by the factor 
0.3178, and to change percentages of available chlorine into chloro- 
metric degrees multiply by the factor 3.12. The following table gives 
the relation between the two systems : 


Chlorometric 

Percentage of 

Chlorometric 

Percentage of 

Degrees 

Available Chlorine 

Degrees 

Available Chlorine 

63 

20.22 

100 

31.78 

70 

22.24 

105 

33.36 

75 

2383 

no 

34.95 

80 

25.42 

115 

36.54 

85 

27.06 

120 

38.13 

90 

28.60 

125 

39.72 

95 

30.19 

128 

4- '.67 


1 he strength of chloride of lime luay also be determined in the fol- 
lowing manner by the use of hydrogen peroxide ; the principle of the 
method depending on the fact that on treatment with a hypochlorite 
solution hydrogen peroxide instantly liberates an amount of oxygen 
equivalei ^ to the amount of available chlorine in the hypochlorite. 
Dissolve 7 017 gms. of the chloride of lime in water and dilute to 250 
c.c. ; 10 c.c. of this solution are placed in the flask of a nitrometer and 
mixed with an excess, say 2 c.c., of commercial hydrogen peroxide; 
the solutions are mixed by shaking and the volume of gas evolved is 
measured in the usual manner.^*^ The whole operation only requires i 
to 2 minutes. ’Every c.c. of gas evolved corresponds to i percent of 
active chlorine when working with the weight of chloride of lime 
given above. This method of analysis may also be applied to other 
hypochlorites. 

It is sometimes desirable to determine the amount of free lime 
present in solutions of bleaching powder. This may be done by the 
addition of sodium sulfite to the solution which decomposes the hypo- 
chlorites present and forms sodium sulfate; the free lime is subse- 
quently titrated in the presence of phenolphthalein with a solution of 
standard acid. Another method is to decompose the hypochlorite with 

” Gcr. Pats. 188524 and 195,896, Griesht-im-Elektron. 

In this analysis the hydrogen peroxide should be diluted before use so as not to 
evolve more than 7 c c. of oxygen per c.c. of liquor, and it must be made alkaline by the 
addition of caustic soda until a flocculent precipitate appears The liquids in the nitrometer 
need not be shaken vciy much, and the reading should be made quickly (5 minutes after 
mixing), otherwise the results will be soine\Uiat too high. Muddy solutions of bleach may 
be used for this lest with as good results as dear liquors. 

Each c.c. of gas evolved ridiuid to 0° C and 760 mm. pressure represents 0003167 
gm. of chlorine; hence by taking 7917 gms. of sample in 250 cc of wafer (=31.67 gm? 
per liter) and using 10 c c. of the solution for a test, i c.c. of gas is equivalent to i 
percent ot chlorine by weight. 



650 


BLEACHING 


hydrogen peroxide, and subsequently determining the free lime by 
titration with acid, using phenolphthalein as an indicator. 

For the titration it is advised to employ a N/io solution of sulfuric 
acid. It is well to avoid an excess of hydrogen peroxide as secondary 
reactions take place when commercial peroxide is used, as the latter 
frequently contains phosphoric acid as a stabilizer and the presence of 
this will give a somewhat false result. 

Ip the latter case, allowance must be made for any acid introduced 
with the hydrogen peroxide solution, or care should be taken to employ 
hydrogen peroxide solution that has been properly neutralized. The 
reaction with hydrogen peroxide is as follows : 

CaOCI^ + = CaCI, + H,0 + O,. 

7. Testing for Free Chlorine in Fabrics. 

It is sometimes required to test qualitatively for the presence of 
small traces of free chlorine or hypochlorite in fabrics or in solutions. 
There are three qualitative tests which may be conveniently applied in 
this connection. 

(a) Test zvitJi Potassium Iodide and Starch Solution. — Free chlo- 
rine or hypochlorites liberate iodine from |X)tassium iodide, and iodine 
reacts with starch to form an intense blue or blue-black color, hence 
small traces of chlorine or hypochlorites mav be detected in this man- 
ner. The reagent is prepared by making a dilute starch paste by boil- 
ing a little starch with water and then adding a solution of potassium 
iodide. The reagent may be used in the form of the solution directly 
or potassium iodide-starch test paper is prepared by saturating filter 
paper with the solution and then drying and cutting up in small strips. 
If this test paper is dipped in a liquor or pressed on a moist piece of 
goods containing even small traces of chlorine a blue or black color 
will develop.^* 

(b) Test zmth Potassium Iodide and In this case the 

reagent is applied by adding a small amount of potassium iodide to 
the liquid and shaking up with a few drops of benzene. In the pres- 
ence of chlorine there will be liberation of iodine and this will dissolve 
in the benzene with a pale red color. By using a large quantity of the 
liquor all of the liberated iodine may be concentrated with a^ few drops 
of benzene, and in this manner a very small trace of chlorine may be 
detected. 

(c) Test zmth Toluidine Tartrate— A very sensitive special re- 
agent for chlorine consists of an aqueous solution of tartaric acid and 
toluidine. When a drop of this reagent is added to a fabric containing 
the slightest trace of. chlorine a dark blue color will be formed ; with 
larger proportions of chlorine the color will change to orange. The 
same test may be applied to solutions containing traces of chlorine. 

8. Sodium Hypochlorite. 

Alkaline hypochlorites include the hypochlorites of sodium and 
potassium, and such preparations as “chlorozone,’' ‘‘chlorogene,*’ etc. 

This reagent will show the same test with nitrous acid and hydrogen peroxide. 
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As the efficacy of these compounds in bleaching depends on the amount 
of available chlorine present, their valuation is carried out in the same 
general manner as already described under the analysis of bleaching 
powder. In some cases it is also required to determine the amount of 
alkali present, in which case the chlorine or hypochlorite must first be 
neutralized with an oxidizing agent and then the amount of alkali may 
be found by means of a titration with standard hydrochloric or sul- 
furic acid.^® 

According to Imrstcr and Jofre this analysis is carried out as fol- 
lows : To 50 c.c. of the alkaline hypochlorite liquor is added 5 c.c. of 
N/5 sodium hydrate solution, and then 10 c.c. of hydrogen peroxide 
solution. A few drops of phenolphthalein indicator arc then added 
which will give a red color, d'he liquor is next titrated with N/5 
hydrochloric acid. An exactly similar blank test is made on the hydro- 
gen peroxide solution without the addition of the hypochlorite in order 
to ascertain the acid content of the peroxide. The difference between 
the two titrations will give the alkalinity of the hypochlorite liquor. 

As with solutions of bleaching powder those consisting of sodium 
hypochlorite when freshly prepared may be tested for bleaching 
strength by the hydrometer. The ratio between the density of the 
solution and its content of available chlorine, however, will vary with 
the manner in which it is prepared and its com[)Osition. A sodium 
hypochlorite solution made from chlorine and caustic soda, for in- 
stance, will show a different density for the same chlorine strength 
than one prepared from chlorine and soda ash, and far different from 
one prepared by the electrolysis of salt or by reaction between soda ash 
and bl nching powder. With old licpiors, especially of electrolytic 
hypochlc! he, the hydrometer reading is no guidance at all. 


g. Hydrogen Peroxide. 

The principal compounds used in bleaching which depend on their 
high condition of oxidation for their action are hydrogen peroxide, 
sodium peroxide, and potassium permanganate. 

Hydrogen peroxide has the chemical formula 11 . 0 .^, and is pre- 
pared by dissolving barium peroxide in water acidulated with sulfuric 
acid. Solutions of hydrogen peroxide are the only form in which this 
article appears in trade. These solutions are rather unstable, the 
peroxide gradually decomposing with formation of water and libera- 
tion of oxygen gas.^® The rate of decomi)Osition is much increased by 


^®In the preparation of electrolytic bleaching liquors it is sonietnnes desirable to 
determine analytitally the alkalinity of the solution. As these liquors aie obtained by the 
electrolysis of salt solutions, they usually contain caustic soda, sodium hypochlorite to- 
trethcr with undecomposed sodium chloride and sodium chlorati, cniisequeiitly the ordinary 
methods of analysis are not available, as the indicators .ire dt'^lroycd and if hydrochloric 
acid is employed for the titiation chlorine will be developed from the hypochlorite, and .sul- 
furic acid will do the same and also libeiate hydrothloiu and from the sodium chloride 
Nitric and oxalic acids are also unavailable Ullmari (Chem Znt , i 8 y 3 . No. 67) has proposed 
for this purpose the use of succinic acid, .ind the tin tliod is earned out as follows. A 
n?easured%a^ntity of the electrolytic liquor is titrated with an excess of standard succinic acad 
solution, and then heated unlil the odor of hypochlorous acid has disappeared; phenol- 
phthulein is then added, and the excess of acid is titrated back with caustic soda. Succinic 
S is 8U table for this purpose as it is not volatile, it . expels rarbonie and hypochlorous 
ac ds hut not hydrochloric, and it is not affected by oxidi/ing or chlorinating agents. 

subecung a 95 percent solution of hydrogen peroxide to low emperatures, . it 
crystallizes ti a solid mLs, which melts at C. bven an 80 pciccnt solution will give 
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strong light, the presence of metals or of organic matter, or of alkalies. 
Phosphoric acid or acetanilide is usually added to the solution in order 
to render it more stable. It is also said that the addition of about 2 
percent of alcohol or ether or a little sulfate of quinine is a means of 
retarding the decomposition of hydrogen peroxide solutions.^^ Com- 
mercial hydrogen peroxide is a colorless liquid which usually contains 
about 3 to 3.5 percent of HoOo (10 to 12 volume strength). The 
strength of such solutions is generally expressed in terms of volumes 
of available oxygen; that is, hydrogen peroxide solution of 10 volume 
strength would mean a solution which on decomposition will give off 
10 times its volume of oxygen gas. More recently a 15 percent solu- 
tion of hydrogen peroxide has appeared as a commercial article. 

Analysis of Hydrogen Peroxide Solutions . — (a) Probably the best 
method for estimating the strength of solutions of hydrogen peroxide 
is by treatment with a solution of potassium iodide and then titration 
with sodium thiosulfate solution. Hydrogen peroxide, in acid solution, 
when treated with a solution of potassium iodide, liberates an equiva- 
lent of iodine, and this latter is then estimated with thiosulfate solution, 
using starch paste as the indicator. The test is carried out as follows : 
10 c.c. of the sample are mixed with 30 c.c. of a mixture of equal vol- 
umes of water and sulfuric acid, and an excess of potassium iodide 
solution is added. After standing for 5 minutes, the liberated iodine 
is titrated with a N/io solution of sodium thiosulfate in the manner 
already indicated under the analysis of bleaching powder. Each c.c. 
of sodium thiosulfate used is equivalent to 0.0017 gm. of hydrogen 
peroxide or to 0.0008 gm. of oxygen. The weight of the oxygen found 
in grams multiplied by the factor 697.5 volume of the 

oxygen in c.c. and at 0° C. 

(b) Another method for the analysis of solutions of hydrogen 
peroxide is to acidulate the sample with sulfuric acid and titrate with 
a N/10 solution of potassium permanganate until a faint pink color ap- 
pears. Each c.c. of the potassium permanganate solution used is 
equivalent to 0.0017 gm. of hydrogen peroxide or to 0.0008 gm. of 
oxygen. The N/io solution of potassium permanganate is prepared by 
dissolving 3.16 gins, of pure crystals of potassium permanganate in 
water and diluting the solution to i liter. To determine the strength of 
a bleach bath containing peroxide of hydrogen (or sodium peroxide), 
2 c.c. of the bleach liquor arc taken up in a pipette and transferred to a 
porcelain dish and diluted with about 100 c.c. of water. A few drops 
of concentrated sulfuric acid are added and then the solution titrated 

crystals, if after cooling it, a crystal of hydrogen peroxide is added. This is recommended 
as a simple method for the preparation of anhydrous hydrogen peroxide. A few drops of 
liquid anhydrous peroxide dropped on moist cotton will ignite it, yet the substance itself is 
said to be quite stable, and if properly packed will bear transport. Bohn and Leyden have 
prepared hydrogen peroxide in the solid form by adding to a solution of hydrogen peroxide 
a quantity of gel-atine and glycerin, and then cooling the mixture until a hard, solid mass 
is obtained. This product remains stable for a long time, and is made active by simply 
heating to a temperature of ys" to loo" F. 

It appears that the addition of crystaUued naphthalene to solutions of hydrogen 
peroxide nave the effect of retarding the decomposition of the latter to a considerable 
extent (see Bull. Soc. Ind. de Mulhouse, 1895, p. 78). Various other substances have 
also been tried as preservatives for solutions of hydrogen peroxide, such as boric acid, 
phenol, thymol, camphor, beta naphthol, formaldehyde, glycerin, zinc chloride, acetamide, 
acetanilide, phenacetine and tannin. 
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with the above described potassium permanganate solution. By ob- 
serving the amount of permanganate consumed reference to the fol- 
lowing table will show at once the strength of the bath. 


Commercial Solution Equivalent to 


C.c. of Perman- 
gante Con- 
sumed. 

Equal to Real 
Peroxide in 
Gms. 

Percent 

of 

Peroxide. 

Percent of 

Available 

Oxygen. 

Volume 

StVength. 

O..S . 

0.00085 

0.0425 

0.021 

0.14 


00017 

0.085 

0.042 

0.28 

2 

00034 

0.170 

0.084 

0.56 

3 

0 005 r 

0.225 

O.I 2 () 

0.84 

4 

00068 

0.340 

0. 168 

1.12 

5 

0.0085 

0.425 

0,210 

1.40 

6 

0.0102 

0.510 

0.252 

1,68 

7 

0.0119 

0.595 

1 0,294 

1,96 

8 

0.0136 

0.680 

0.336 

2.24 

9 

00153 

0.765 

0.378 

2.52 

10 

0.017 

0.850 

0.420 

2.80 

II 

0.0187 

0.935 

0.462 

3.08 

12 

0.020 1 

1.020 

0.504 

3.36 

13 

00221 

0.105 

0.546 

364 

14 

0 023<S 

1. 190 

0.5}^ 

3.92 

T 5 

0.0255 

1-275 

0.630 

4.20 

20 

0034 

1.700 

0,840 

5.60 

25 

00425 

2.125 

1.050 

7.00 

30 

0.051 

2.550 

I. 2 (X) 

8.40 

35 

0.0595 

2.975 

1.470 

9.^ 

^o 

0 OfxS 

3.400 

1.680 

11.20 


0.0765 

3 - 1^25 

i. 8 qo 

12.60 


0.085 

4.250 

2.100 

14.00 

55 

0.0935 

4 675 

2310 

15.40 


l’entccost ““ gi\cs the following method lor the analysis of liydro- 
gen ])eroxide : A 50 c.c. graduated lube, closed at one end is filled with 
water up to about the 2<S c.c. mark, and about 1 e.e. of sulfuric acid is 
added; then i c.c. of the hydrogen peroxide to be tested is carefully 
added from a burette; the thumb is placed over the mouth of the tube, 
the latter inverted, and the volume of air read off. A few crystals of 
potassium permanganate, loosely wrapped in a bit of tissue paper, are 
then dropped into the tube, the thumb is immediately placed over the 
tube mouth to make it gas-tight, while the hand firmly grasps the tube 
and shakes it thoroughly for two to three minutes. The tube is then 
plunged into a glass cylinder of cold water, mouth downwards; the 
mixed gases are cooled to the ordinary temperature, and the volume 
read off. After deducting from this the volume of air-space previously 
ascertained, one-half the residual volume obtained represents the vol- 
ume of available oxygen in the sample. 

As a solution for the testing of hydrogen peroxide, Mork recom- 
mends one containing 6.625 gms. of potassium permanganale per liter. 
Each c.c. of this solution corresponds to 0.5 c.c. of oxygen. In testing 
the sample of hydrogen peroxide, 500 c.c. of water are placed in a 
Soc. Chem, /mA, 1893, p. 327. 
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basin, 5 c.c. of dilute sulfuric acid are added, and sufficient of the per- 
manganate solution to just give a reddish tinge. Then 5 c.c. of the 
hydrogen peroxide solution are added, and tlie permanganate solution 
run in until a permanent red color is obtained. The number of c.c. of 
liermanganate solution used, divided by 10, gives the volume of oxygen 
liberated by i volume of the hydrogen peroxide. 

Oxalic acid is frequently added as an adulterant to solutions of 
hydrogen peroxide, as this body will also reduce potassium perman- 
ganate, and in the analysis of the peroxide a false result would be 
obtained. To detect the presence of oxalic acid, about *50 c.c. of the 
sample are diluted with the same volume of water, then mixed with 
15 c.c. of a 10 percent solution of sodium acetate and to c.c. of acetic 
acid. A small amount of a solution of calcium chloride is then added, 
and if no precipitate is formed, oxalic acid i-^ a])sent. If a white pre- 
cipitate is produced on the addition of the calcium salt, it may consist 
of cither calcium oxalate or sulfate (as hydrogen j)eroxi(le solutions 
often contain sulfuric acid). The nature of the ])recipitate is deter- 
mined by filtering off and treating it on the lilter wdth warm dilute 
sulfuric acid. If the filtrate wdiich ]’»asscs through decolorizes a few 
drops of weak potassium permanganate solution, it indicates the pres- 
ence of oxalic acid. 

The stability of hydrogen peroxide solution^ is an important factor 
in their analysis. According to Hcermann,'^ a sample of good hydro- 
gen peroxide on standing for 14 days at room temperature (65 to 
75® F.) should not ^how a loss of more than o.ot to 002 percent in 
content of peroxide. The presence of even small quantities of impuri- 
ties in the liquid, such as pieces of cork, straw’, sand, etc., wdll seri- 
ously impair the stability of the solution. Direct sunlight acting on the 
solution will cause rapid decomposition. According to r\'uvsitt,“^ an 
exposure to direct sunlight for i month (July) caused a loss in 
strength of 22 percent ( in a 9 volume solution) ; whereas a similar 
sample exposed only to diffused daylight showed a loss of only.i.i 
percent. 

10. Sodium Peroxide. 

This compound has become an important chemical for use in 
bleaching. It is prepared by heating metallic sodium in oxygen gas, 
and has the formula Na/)^. It occurs in trade as a yellowish white 
pow^der which raj)idly absorbs moisture when exposed to the air and 
liberates oxygen.^'"* It dissolves in water with the liberation of great 
heat, forming caustic soda, NaOIT, and liydrogen peroxide, IDOg.^® 

** Fdrbcreichemische Untcrsuchungcn. 

Jour. Soc. Chem. Ind , 1902 

” Stable bleaching prepai.-itions containing sodium peroxide arc said to be obtained in the 
following manner (rr. Fat. 423,949): Mix i part of sodium peroxide with 3 parts of rosin; 
this gives a very stable product By intimately mixing with it i to 10 parts of ethylacetatc, 
the rosin is gelatinized and the resulting plastic mass is decomposed by water only above a 
temperature of 80“ C. The addition of 10 percent of soda ash in turn converts this product 
into a solid substance that n.ay be powdered. 

^•Methods have been suggested for regulating the solution of sodium peroxide in water. 
Greener gives a method of mixing the peroxide first with a little carbon tetrachloride which 
coats the material and lessens its solubility so that the he;at of reaction is much lowered. 
The carbon tetrachloride is also useful as a fat solvent in the bleaching process. Special 
apparatus has also been devised for the proper solution of sodium peroxide. 
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Analysis of Sodium Peroxide . — Archbutt gives the following 
method for the analysis of this compound: 0.25 gm. of the sample is 
placed in the dry tube of a nitrometer flask, and about 5 c.c. of water 
containing a drop of cobalt nitrate are placed in the flask itself. The 
sodium peroxide is then brought in contact with the water, when 
rapid and complete decomposition takes place, and the volume of 
oxygen evolved is the available oxygen contained in the sample taken. 

Another method for the analysis of sodium peroxide is the fcillow- 
ing: 1 gm. of the sample is dissolved in about 500 c.c. of water con- 
taining 10 c.c. of sulfuric acid, and the solution diluted to i liter; 100 
c.c. of the solution is withdrawn for titration, about 10 c.c. of a 20 
percent solution of manganous sulfate is added, and the liquid is then 
titrated with N/io potassium permanganate; each c.c. of the latter 
being equivalent to 0.0039 oi sodium peroxide, Na.O,. 

Sodium peroxide may be qualitatively recognized by giving a blue 
coloration with ether on shaking with chromic acid solution. When 
compared witli the ordinary commercial hvdrogen peroxide (3 percent 
solution) sodium peroxide theoretically is 14.5 times as strong; but as 
commercial sodium peroxide is only about 93 to 95 percent Na202, and 
as there is some loss of oxygen in dissolving, the proportion which 
holds in practice between hydrogen peroxide and sodium peroxide is 
about I :i I. 

II. Potassium Permanganate. 

This is i)roduced by fusing manganese dioxide with caustic potash 
in the pia-'^nce of potassium chlorate. It occurs in the form of pur- 
plish black crystals readily soluble in water to a dark violet solution. 
The formula of potassium permanganate is KMn()4 or KaMiuOs- it 
is a powerful oxidizing agent either in acid, neutral, or alkaline solu- 
tions. The solution is also an excellent disinfectant and is employed 
for this purpose under the name of “Condy’s fluid.” 

Potassium permanganate is soluble in about 16 parks of water; if 
exposed to the light the solution soon shows a brown dei)Osit of man- 
ganese hydrate, so it should be kept in dark colored bottles away from 
the light. The neutral solution has a less oxidizing power than the 
acid solution, as shown by the following reactions : 

2KMn04 + 3H2O = 2KOIi + 2MnO...IloO -f 3(1. 

2 KMn 04 -f 3H2SO4 = ICSO4 + 2 Mn.S 0 , f- 3HJ ) + 5O. 

When used as a bleaching agent, therefore, it .should always be em- 
ployed in an acid solution, under which circumstances the liciuor will 
remain clear, whereas if no acid is used, a precipitate of hydrated 

” Analyst, 1895, P- 3 - , . ^ , , , , 

The following is an analysis of a sample of coTiimeiei.al mkIuiiii peioxidc: 


Percent 

Sodium peroxide 

Caustic soda °73 

Alumina and iron oxide o-49 

Undetermined ® 37 


This sample also contained traces of sodium carbonate, sodium ihloiide sodium sulfate, and 
unoxidized metallic sodium. At the piesent time a sample of good commercial sodium 
peroxide should contain 95 ^ 98 percent of NajOj. 
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manganese dioxide will be formed. This will be deposited on the fiber 
and give a brown color, which has to be subsequently removed by 
treatment with a second bath containing a reducing agent (sodium 
bisulfite or oxalic acid). Also when used without the acid the solution 
will contain caustic potash which is detrimental to wool and silk. 

Analysis of Potassium Permanganate . — As this salt decomposes 
oxalic acid, a convenient means for its analysis is to titrate its solution 
with h standard solution of oxalic acid. The method is carried out 
as follows: 3.16 gms. of the sample of potassium permanganate are 
dissolved in water and the solution diluted to i liter; 100 c.c. of this 
solution are withdrawn and titrated with N/io oxalic solution with 
the addition of a few drops of sulfuric acid to prevent the precipita- 
tion of manganese hydrate. The number of c.c. of oxalic acid solu- 
tion required correspond to the percentage of potassium permanganate 
present in the sample. The N/io solution of oxalic acid is prepared by 
dissolving 6.301 gms. of pure oxalic acid crystals (C,Ho04.2H20) in 
water and diluting the solution to i liter. 

12. Perborate Compounds. 

Sodium perborate has the chemical formula NaBO.,, but the com- 
mercial perborate compounds to be met with are seldom pure sodium 
perborate. The oxygen content of these compounds varies with the 
degree of purity ami the amount of water of crystallization. The pure 
crystalline salt has 4 molecules of water of crystallization and corre- 
sponds to an active oxygen content of 10.4 percent. Sodium perborate 
readily dissolves in acidulated water without loss of oxygen. The cold 
solution is quite stable but when heated to 95° F. oxygen gas is 
evolved. In the presence of catalyzing substances, such as iron or 
copper, the decomposition is more rapid even at lower temperatures, 
d'he solution of perborate in water reacts weakly alkaline. It may be 
further stabilized by the addition of sodium phosphate or similar salts. 

The acidulated solution of sodium perborate gives the same quali- 
tative reactions as hydrogen peroxide, for, indeed, it consists of a 
solution of hydrogen peroxide and borax. It gives a blue coloration 
when shaken with ether and chromic acid solution. It also gives the 
boric acid reaction, giving a green flame when dissolved in alcohol 
and sulfuric acid and burned. 

The bleaching value (content of active oxygen) of sodium per- 
borate or its compounds (Ozonite, Clarax, Persil, Perborin, etc.), is 
determined in the same manner as with hydrogen peroxide, most con- 
veniently by titration with a standard solution of potassium perman- 
ganate, or by the iodometric method. The latter is said to yield the 
most satisfactory results. In the case of soap powders, however, con- 
taining perborate it is necessary to previously remove the soap. A 
method which may be used directly with a soap powder and perborate 
mixture consists in treating the solution with a sodium hypochlorite 
solution in a nitrometer and measuring the volume of the liberated 
oxygen. The results obtained are in agreement with those obtained by 
the iodometric method. The titration of perborates with permanga- 
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nate is said not to be very reliable, though the best results are obtained 
by adding a slight excess of the perborate solution to a definite volume 
of the permanganate solution acidified with sulfuric acid, and then 
titrating the excess with permanganate. The titration should also be 
carried out at 15 to 20° C., and the acid concentration should be 5 
percent of sulfuric acid on the total volume. The determination of 
perborates by the gasometric method by decomposition with perman- 
ganate is untrustworthy.^® 

Trickett, Analyst, 1920, p. 88 . 
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Absorbent cotton, 385 
preparation of, 392 
testinj? of, 395 
Acetate silk, 531 
Acetic acid, 636 
in bleaching!:, 294, 314, 330 
density of, 637 
qualitative analysis of, 636 
as souring? agent, 332 
Acids, use of in bleach lifiuors, 314 
Acids used in bleaching, 629 
Acid liquors in bleaching, strength of 
332 

Acid salts, eflfcct of on cotton, 334 
Acid soaps, 34 

Acid solutions, efTect of on cotton, 331 
Acid rotting of cotton, 331 
Acidity in bleached cotton, testing, 487 
Active chlorine, 293 
Adipocellulose, 490 
Air as a factor in kicr boiling. "“Tq 
Air bleach for loose cotton. 374 
Albuminous matters in raw cotton, 201 
/ Ikali in kier boiling, amount used, 
. 258 

s'. .ins, 476 
Alkali cellulose, 209 
Alkalies, action of on wool-grease, 32 
cleansing action of. 37 
comparison of, in kier boiling, 267 
in scouring, nature of, 40 
Alkalies used in bleaching, 565 
Alkalinity of bleach liciuors, 316 
Allen kier, 220, 281 
Allen Worcester kier, 241 
Alpaca, bleaching of, 146 
Aluminium hypochlorite, 344 
Aluminium sulfate m linen bleaching, 

521 

American process of bleaching, ll 
Ammonia, 582 
analysis of, 583 
as antichlor, 335 
soap for wool scouring, 41 
Ammonia soda, 570 
Ammonia solutions, density of, 584 
Ammonium carbonate, 583 
Ammonium oxalate, 630 
Aniline in kier boiling, 219 
Aniline, use of in bleaching, 473 


Anthraquinonc sulfonate, 453* 
Anlibenzcnepyrin, 63 
Antichlor, 335, 641 
Antiseptics used in sizing, 469 
Apparatus for bleaching, 313 
for bleaching roving, 368 
for bleaching , with compressed sulfur 
dioxdde, 133 

for boiling out cotton, 268 
for chcmicking warps, 404 
for dissolving bleaching powder, 296 
for dissolving chloride of lime, 301 
for scouring silk, 172 
for wool steeping, 30 
Apron dryer for wool stock, 77 
Apron type yarn scourer, 107 
Aqua regia, 634 
in cotton bleaching, 292 
preparation of, 174 
u.se of in bleaching silk, 158 
Artificial, silk, bleaching of, 530 
Artificial silk, bleaching of with liquid 
chlorine, 532 

Ash in bleached cotton, 205 
testing of, 483 
Autog>p process, 223 
Ayailable chlorine, 644 
in bleach liquor, 319 

B 

Bar soap, 606 

Barlow kier, 226, 283 

Baryta, use of in boiling out, 240 

Barytes, boiling cotton with, 212 

Basic soaps, 36 

Bast libers, 2 

Baudot system of wool scouring, 61 
Beamed warps, bleaching of, 398 
Beamed warps, bleaching machine for, 
374 

Beater for bleaching paper pulp, 529 
Beetle for linen, 517 
Bcllrncr bleach tank for paper pulp, 
533 

Bentz-Edmeston system of bleaching, 

456 

Bentz kier, 285 
Benzine soap, 63, 589 
Benzine in linen bleaching, 516 
Benzoform, 63 
in kier boiling, 219 
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Berthollct’s apparatus for boiling cot- 
ton, 197 

Bibliography of bleaching, 659 
Black oil, 83 
Blankit, 642 
Bleach assistants, 438 
Bleach house squeezer, 307 
Bleach liquors, action of heat on, 318 
action of sunlight on, 318 
effect of acid on, 294 
effect of salts on, 299 
Bleach sludge, composition of, 306 
Bleach solutions, titration of, 645 
Bleach vats for warps, 394 
Bleached cops, machine for reshaping, 

382 

Bleached cotton, analysis of, 222, 487 
testing quality of, 483 
Bleached silk, after-treatment of, 187 
Bleached wool, removal of sulfurous 
acid from, 132 
softening of, 131 
tinting of, 131 

Bleacher’s assistants, 581, 584 
Bleaching, ancient methods of, 9 
of dyed wool, 132 
etymology of, 3 

Bleaching, theory of reduction proc- 
ess, 6 

Bleaching agents for cotton, 291 
apparatus for beamed warps, 403 
apparatus for skein yarn, 399 
chamber for wool, 130 
cloth in open width, 432 
cotton, comparison of different meth- 
ods for, 378 

cotton, general principles of, 191 

cotton with perborates, 376 

cotton with permanganate, 367 

cotton cloth, 409 

cotton hosiery, 447 

cotton linters, 391 

cotton warps, 404 

dyed goods with peroxides, 460 

faults due to weaving, 467 

half-silk fabrics, 189 

in Holland, early methods of, 10 

in pack machines, 338 

hosiery, 435 

knit goods, 435 

lace goods, 461 

linen, 496 

loose cotton, 385 

loose cotton, apparatus for, 393 

machine for chained skeins, 396 

machine for curtains, 469 

machine for hosiery, 437 

machine for loose cotton, 387 

machine for package goods, 377 

machine for small goods, 470 

meaning of term, 3 


Bleaching, minor processes used in, 

7 . 

operation, effect of on cotton, 366 
oxidation process of, 7 
Bleaching powder, 644 
action of carbon dioxide on, 312 
analysis of, 644 
apparatus for dissolving, 298 
composition of, 306, 309 
discovery of, ii 
dissolving of, 306 

method of preparing solutions of, 

303 

solutions, available chlorine in, 648 
solutions density of, 648 
Bleaching printed cotton goods, 460 
Bleaching silk, 174 
with aiiua regia, 174 
with hydrosulfite, 176 
with nitrosylsulfuric acid, 175 
with nitrous acid, 175 
with perborate, 180 
with permanganate, 180 
with peroxides, 178 
with sulfurous acid, 175 
Bleaching tussah silk, 183 
Bleaching underwear, 435 
Bleaching vat for lace, 471 
for peroxide method, 141 
Bleaching velocity, control of, 294 
method of testing, 296 
with oxygen gas, 8 
with warm chemics, 327 
Bleaching wool with perborates, 

147 

with permanganate, 145 
with peroxides, 137 
with sodium bisulfite, 133 
with sodium hydrosullite, 135 
with sodium peroxide, 138 
water for, 132 
Bleaching wool cloth, 131 
Bleaching wool stock, 131 
Bleaching wool yarn, 131 
Blue bender cotton, 2(M 
Blueing of bleached wo^, 131 
Boiled-off liquor, 170 tL 
recovery of soap from, 171 
Boiled-off silk, microscopy of, 165 
preparation of, 162 
B<^ng-off silk, 149 
Bolfeg-out of cotton, 190 
methods of, 230 
efWk of pressure 111, 215 
fauM^ in, 263 
gcne» theory of, 207 
loss OD strength in, 265 
loss of weight in, 248 
proper requirement for, 215 
Boiling-out cotton, tendering fiber dur- 
ing, 213 
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■ Boiling-out of linen, 494 
Boiling-out machine for silk-cotton 
goods, 185 

Boiling-out methods, comparison of, 
211 

Boiling-out processes, early studies in, 
231 

Boiling-out by steaming, 224 
Boil-out compounds, 255 
Boil-out liquors, recovery of alkali 
from, 228 

Bone, bleaching of, 540 
Bone fat, 593, 626 
Borax, 566 

Boric acid in bleaching, 314 
Bowking in cotton bleaching, 191 
Bowking, term in bleaching, 10 
Breaker for carbonized wool, 71 
Brown Hollands, 516 
Brown oil, 83 

Bucking, term in bleaching, 10 
Burmol, 477, 549 

Buttermilk, use of in bleaching, lO 
Button breaking machine, 522 
By-products from scouring liquor, 
120 

from steeping liquors, 115 
ill wool scouring, 114 

C 

Calcium bisulfite in bleaching, 291 
Calcirm chloride, eflfect of on bleach 
liquors, 299 

Calciun hydrate in bleach liquors, 316 
Calcium hypochlorite, crystalline form 
of, 317 

Calcium pcctate, 196 
Calcium sulfate, solubility of, 50 
Calcium oxalate, 638 
Calender stains, 470 
Carbonized rags, stripping of, 548 
Carbonizing duster for loose wool, 69 
Carbonizing machine for scouring 
wool, 68 

Carbonizing of scoured wool, 73 
Carbon tetrachloride in bleaching, 516 
in kicr boiling, 219 
preparations for bleaching, 588 
Carbonic acid in bleaching, 312 
Carbonic acid, effect of in bleaching, 
297 

Card sliver, bleaching machine for, 

370 

Cashmere, bleaching of, 146 
Carstile soap, 591 
Castor oil, 593, 626 
Catatylic action of metals on bleach 
liquors, 299 

Caustic alkali, effect of in scouring, 33 
effect of on silk, 154 


Caustic lime, 585 
Caustic potash, 581 
in kicr boiling, 266 

Caustic potash solutions, density of, 
582 

Caustic soda, 578 
action of on cotton, 209 
analysis of, 579 

Caustic soda boil for cotton, 248 
Caustic soda solutions, density of, 
579 • 

Cell dryer, 485 
Centrifugal machines, n6 
Centrifugal pump for kier circulation, 

.275 

Chain harrow scouring machine, loi 
Chain warps, kiers for, 278 
Chalybeate water, 51 
Chamber acid, 630 
Chardonett silk, 531 
Cheeses, bleaching apparatus for, 380 
Chemic, 319, 644 
Chemic box, 320 

Chemic solution, concentration of, 320 
Chemic solutions, proper strength of, 

324 

proper temperature of, 325 
Chemical bleaching, 4 
Chemical lime, 238 
Chemicking, 291, 319 
Chemicking machine, 319 
French type, 323 

Chernies from liquid chlorine, 347 
Chevilir machine for silk, 165 
Chinese organzine silk, 162 
Clmia grass, bleaching of, 530 
Chinese silk, 149 
Chip plait, bleaching of, 532 
C hloramine, 203 

Chloramines in linen bleaching, 518 
in jute bleaching, 528 
Chlorates, formation of in bleaching, 
326 

Chloride of lime, 644 
action of 011 cotton, 322 
bleaching with, 319 
chemical reactions of, 307 
precautions in using, 302 
properties of, 302 

Chloride of lime liquors, preparations 
of, 302 

Chloride of soda, 341 
Cholesterol, chemical properties of, 19 
derivatives of, 21 
in wool-fat, 17 
test for, 23 

Chlorine, action of on human system, 
302 

amount required in bleaching, 323 
discovery of, ii 
Chlorine bleach liquors, 292 
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Chlorine in bleached cotton, testing, 

487 . , . 

Chlorine bleaching, history of, 300 
Chlorine gas, measuring apparatus for, 

352 

preparing cheinics from, 352 
Chlorine poisoning, antidote for, 302 
Chloring of cotton, 292 
Chlonng machine for print goods, 464 
Clilorogcne, 344 
ChloroiUotric degrees, 324, 649 
Chlorozonc, 343 

Circular scouring machine for >arns, 

105 

Circulating kiers, proper construction 
for, 273 

Circulation in kier boiling, 240 

Circulation of kier liquors, 270 

Clara X, 14;, 65C 

Clark scale of hardness, 557 

Cloth bleaching by Tines system, 431 

Cloth centrifuge, 175 

Clotl scouring, 92 

Cobalt, effect of on bleach liquors, 299 
Cocoanut oil, 592, 026 
Cold bleaching of cotton, 227 
Cold bleaching methods, 338 
Cohl process sua]). 592, (k)S 
Collodion silk,^ 531 
Colophony rosin, 606 
Colored cotton fabrics, bleaching of, 
449 

Colored goods, kier boiling of, 224 
Coloring matter in cotton, 204 
in natural libers, 2 
in wool, occurrence of, 28 
Colors fast to bleaching, 455 
Common salt, elfect of on bleach 
liquors, 299 

Condensed water from steam, imimri- 
ties in, 51 
Condy’s fluid, 655 

Continuous bleach system for paper 
pulp, 537 

Continuous bleaching apparatus, 434 
Continuous bleaching s>stem, 327, 462 
Continuous chcmicking apparatus, 430 
Continuous method of kier boiling, 289 
Cop bleaching, 328, 397 
Cops, bleaching machine for, 373, 380 
Copper, effect of on bleach liquors, 299 
Copper index of bleached cotton, 487 
Copper soap, effect of in bleaching, 300 
Copper value of bleached cotton, 487 
Corn, bleaching of, 541 
Corn oil, 594 
Cotelle’s hypochlorite, 344 
Cotton bleaching, amount of water 
required for, 49 
general theory of, 290 
principles of, 191 


Cotton, boiling out of, 190 
chemical analysis of, 194 
coloring matter in, 2 
composition of raw, I93 
effect of alkalies on, 208 
effect of pressure boiling on, 260 
impurities in. 192 
natural condition of, 2 
water repellant nature of 207 
Cotton cloth, bleaching of, 409 
impurities in, 41 1 

Cotton linters apparatus for bleaching, 

390 

Cotton oil, 192 
in cotton. 200 

Cotton skein yarn, bleaching of, 398 
Cotton sliver, bleaching of, 385 
Cotton wadding, bleaching of, 390 
scrooping of. 3()i 
Cotton waste, bleaching of, 302 
Cotton wax, 192, 197 
effect of in spinning. iq8 
removal of bv kier boiling, 199 
Cotton yarn, effect of bleaching opera- 
tions on, 383 
Cotton-seed oil, 590, 627 
Coiml of cotton yarns, change of in 
bleachingj 250 

Crabbing machine for piece goods, 83 
for silk pieces, 178 
Crabbing of woolen yarns, 80 
(‘re>ol in soaps, 607 
Crofting, in bleaching, 10 
Cross-wound spools, bleaehing of, 398 
Ch-ush rolls for carboni/ed wool, 74 
(fr\stal carbonate, 568 
Cr\sta] soda, sOcS 
Ciiite, 162 
Cuprate silk, 531 
Curd soap, 589 
Cutocellulusc, 490 
CTlinder drying machine, 406 
C_\hnder singeing, 413 
C}linder for washing hosiery, 443 


D 

Dark lists, 52 
J^ccrohne, 549, 642 
Degras, 17 
Degummiiig silk, 149 
with caustic soda, 163 
defects in, 157 

by foam method, appaiatiis for, 150 
by steaming process, 163 
Dcscroizilles degrees of alkali, 570 
Desiunting machine of Mallard, 32 
Diastase in cotton bleaching, 255 
Diatase enzymes, use of in bleaching, 

452 
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Diastofor, 222 
use of in bleaching, 340 
Diax, 222 

use of in bleaching, 340 
Diffusion velocity of bleach liquors, 
_ 322 

Disintegrator for cleaning wool, 31 
Distilled grease, 124 
Dolly scouring machine, iii 
Dolly washer, 331 
Double crabbing machine, 85 
Double oil of vitriol, 630 
Doubling and folding machine, 428 
Drenching process, 414 
Drier for bleached cones, 383 
Dry bleaching, 336 
Dry chloring, 336 
Drying cans for warps, 406 
Drying machine for hosiery, 445 
for wool, 77 
for silk crepe, 186 
Drying oils, 595 
Drying of wool, 75 
Dumping machine, 403 
for linen, 514 

Duplex beater for paper pulp, 531 
Dutch washer, 388 
Dyed wool, bleaching of, 132 
Dyestuffs fast to bleacinng, 449, 454 


E 

Edmeston-Bentz kier, 289 
ficr 1 silk, 149, 158 
fc! I laldehyde treatment of, 159 
stoimg of, 150 

Efficiency of bleach liquors, 293 
Elasticity of wool, effect of scouring 
on, 45 

Electrolyzer for bleach liquors, 356 
Elcctrochemic, comparison of with 
other chemics, 364 
Electrol\tic bleach liquor, 353 
alkalinity of, 355 
cells for, 357 
cost of, 357 
testing of, 651 

Electrolytic bleaching, discussion of. 

365 

for paper pulp, 536 
plant for, 354 

Electrolytic bleaching powder, 31 1 
Electrolytic cell, action in, 354 
Electrolytic cells, factors in operating, 

361 

Electrolytic method of wool scouring, 

Electrolytic scouring of raw wool, 61 
Emulsion, nature of, 15 
Emulsion process of scouring, 40 


Emulsion for worsted stock, 85 
English degree of alkali, 520 
Equipment for liquid chlorine bleach- 
ing, 348 

Eureka water softener,' 53 
Extractive matters in cotton, 198 

F 

Fastness to bleaching, testing, 454 
Fastness of dyes to bleaching, 457 
to boiling-out, 457 
Fastness to stoving, 132 
hat lime, 236 

Fatty acids in bleached cotton, 489 
batty acids, density of, 623 
iodine value of, 624 
melting-point of, 623 
saponification equivalent of, 624 
solidifying-point of, 623 
Fatty acids in oils, Ono 
Fatty acids in soap, testing of, 622 
b'atty matters in cotton, 200 
b'aults in bleaching, 466 
Faults in boiling out, 263 
beathers, bleaching of, 542 
b'chling’s solution, 486 
I'ermentation in scouring baths, 44 
I'ibroin, 149 
Fig soap, 609 
Fillers for soaps, 619 
Fire test of oils, 598 
Flash-point of oils, 597 
Idax, composition of, 492 
bloyd’s apparatus for boiling cotton, 
192 

Foam method of stripping silk, 156 
Foam method of wool scouring, 42 
Imrk type scouring machine, 96 
Formaideh>de, treating silk glue with, 
151 

b'orniic acid, 638 
borniic acid in bleaching, 309 
I'oniiosul, 549 
l•'re'e alkali m soaps, 612 
Free chlorine in fabrics, testing for, 
650 

Free fat in bleached cotton, testing, 

489 

briction calender, 428 
b’rilling folder, 478 

Fuller’s eaith, cleansing action of, 37 
b'ulhng machine, 80 
Fulling soaps, 628 

G 

Garbage fat, 606 
Gas singeing, 413 
Gay-Lussac degrees of alkali, 570 
(iebauer kier, 286 
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Gebauer section kier, 246 

German degree of alkali, 570 

Glacial acetic acid, 636 

Glanzstoff silk, 531 

Glycerides, 605 

Glycerine, 605 

Grass bleaching, 510 

Grass stains, 483 

Grassing of linen, 8, 493 

Graver system of water softening, 60 

Gravity filter for water, 54 

Gray sour, acids used in, 243 

Gray sour in cotton bleaching, 242 

Gray wash, 414 

Grease stains, 473 

Green oil, 124 

Grinding machine for chloride of lime, 
292 

Ground wood, bleaching of, 538 
Grout, 586 

Guider for cotton cloth, 475 
Gypsum, use of in wool scouring, 33 

H 

Half-silk fabrics, bleaching of, 189 
Half-wool goods, bleaching uf with 
peroxide, 144 

Hang out process for bleaching d>ed 
cotton goods, 451 

Hard water, action of on soap solu- 
tions, 56 
correction of, 53 
effect of in kier boiling, 262 
soap destroying power of, 56 
stains due to, 472 
Hardness of water, 49 
Hardness in water, different scales for, 
557 

Hard soaps, 605 
Heating of kier liquors, 258 
Heating kiers, methods of, 271 
Hehner’s method for testing hardness 
of water, 560 
Hemp, bleaching of, 529 
Hemp-seed oil, 627 
Hermite cell, 358 
Hess-Ives tint-photometer, 553 
High pressure kier, English type, 259 
German type, 257 
History of bleaching, 9 
History of chlorine bleaching, 300 
Hollander for bleaching paper pulp, 

527 

Hollander washer, 389 
Horizontal drying pans, 484 
Horizontal piessure filter, 51 
Hosiery, bleaching of, 435 
House fat, 606 
Huiles tournants, 591 
Hurricane dryer for loose wool, 78 


Hyraldite C, 642 
Hyraldite CW, 642 
Hyraldite W, 642 
Hyraldite Z, 547, 642 
Hyraldite for bleaching wool, 137 
Hydration of cotton in kier boiling, 
262 

Hydraulic mangle, 488 
Hydraulic calender for linen, 515 
Hydrocarbon oils, 595 
Hydrocellulose, 331, 479 
Hydrochloric acid, 634 
analysis of, 634 
in bleaching, 329 
density of, 635 
transportation of, 634 
Hydroextraction, 425 
Hydroextractors, 118 
Hydrofluoric acid in bleaching, 221 
Hydrogen peroxide, 651 
analysis of, 652 
as antichlor, 335 
bleaching cotton with, 371 
stabilizers for, 652 
use of in wool bleaching, 137 
Hydrogen peroxide in solid form, 137, 
652 

Hydrogen peroxide solutions, strength 
of, 653 

Hydrolysis of hypochlorite liquors, 294 
Hydrolysis of soap, 34 
Hydrolysis value of cotton, 262 
Hydrosulfitc NF, 642 
Hydrosulfite NFW, 642 
Hydrosulfite NFX, 549 
Hydrosulfite AZ, 642 
Hydrosulfite preparations, 136 
Hydrosulfitc for straw bleaching; 535 
Hydrosulfites, 641 
Hygrometric scales, 245 
Hypo, 643 

Hypochlorite bleach for knit goods, 
438 

Hypochlorite preparations, various 
kinds of, 343 

Hypochlorous acid in bleaching, 292 
Hypochlorous acid, effect of in bleach- 
ing, 294 

formation of, 294 

Hypochlorous acid gas, preparation of, 
345 

Hypochlorites, preparation of from 
liquid chlorine, 347 
Hyposulfite as antichlor, 335 

I 

Impurities in raw wool, classification 
of, 14 

Impurities in water, 51 
Indigo extract, 642 
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Indigo for tinting bleached wool, 136 
Indigotine, 642 

Infusorial earth, use of in scouring 
wool, 33 

Injector kier, 214 

Injector system of kicr circulation, 

273 

Ink for marking cloth, 41 1 
Installation for scouring wool with 
naphtha, 65 

Ionizing of chlorine, 318 
Irish process of linen bleaching, 504 
Iron bearing water, 51 
Iron in bleached goods, test for, 476 
Iron, effect of on bleach liquors, 299 
Iron pyrites, use of in bleaching, 127 
Iron, removal of from water, 57 
testing for in water, 563 
Iron rust spots, removal of, 334 
Iron stains, 476 
Isocholcsterol, 22 
Iso soap, 474. 588 
Italian silk, 149 
Ivory, bleaching of, 541 

j 

Jackson kier, 288 
Jackson open-width kicr, 277 
Japan grege silk, 162 
Japanese silk, 149 
Javelle water, 301 
Jefferson kier, 235, 237, 284 
jeweler’s cotton, 385 
JiJe, bleaching of, 524 
for paper pulp, 528 
with liquid chlorine, 528 
with permanganate, 528 
Jute cloth, bleaching of, 526 
Jute yarn, half bleach for, 525 

K 

Kenicott water softener, 48 
Kier boiled cotton, analysis of, 222 
Kier boiling, circulation in, 240 
effect of salts in. 250 
history of, 230 
influence of air in, 219 
mercerizing effect in, 2io 
precautions in, 263 
proper packing in, 227 
quality of water for, 262 
shrinkage of yarns in, 250 
tcmpeiature used in, 260 
.testing completeness of, 222 
various methods of, 255 
with resin soap, 243 
with soda ash, 243 
Kier circulation by steam coil, 201 
Kier for cotton yarns, 208 


Kier for experimental boiling, 269 
Kier for loose cotton, 206 
Kier liquors, strength of, 245 
Kier, primitive form of, 191 
Kier stains, 475 
Kier stains on knit goods, 440 
Kicr with inside injector, 216 
Kier with outside circulator, 218 
Kier with puffer pipe, 200 
Kicr with Rusden circulator, 252 
Kiers, early forms of, 268 » 
fur linen boiling, early type 494 
for loose cotton, 275 
for skein yarns, 254, 277 
prevention of rust in, 239 
special forms of, 287 
Kieselguhr, use of in scouring wool, 
33 

Knit goods, bleaching of, 435 
boiling out of, 438 
Kokos-benzoap, 169 
Kurrer’s apparatus for boiling cotton, 

196 

L 

Labarraque solution, 301 

Lace goods, bleaching of, 461 

Lanolin, testing of, 18 

Lanolin from wool-grease, 18 

Lanoresin, 127 

Lant in scouring, 565 

Lant, use of in wool scouring, 32 

Lard, 593, 626 

Lard oil, 626 

I.aundry bleaching, electrolytic cell for, 
359 

Lead stains, 477 
Leanin, 588 

Leather, bleaching of, 540 
Lc Blanc soda, 570 
Leviathan scouring machine, 87 
Liebermann-Burchard reaction, 23 
Light, effect of in bleaching, 328 
Light friction calender, 486 
Lignocellulose, 524 
Lime, 585 
solubility of, 5S7 
use of in boiling-out. 210 
Lime boil for cotton, 234 
Lime boil and soda boil, comparison 
of, 236 

Lime boiling, details of, 238 
Lime burns in boiling-out, 210 
Lime method of boiling cotton, 229 
Lime mud, 586 
Lime sludge, 586 

Lime soap, formation of in kier boil- 
ing, 219 

Lime soap in bleached cotton testing, 

489 
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Lime soaps, effect of in scouring, 26 
removal of from wool, 27 
Limp soaps in raw wool, 26 
Lime water, 586 
Liming machine, 317 
Linen, bleaching of, 490 
boJling'Out of, 493 
coloring matter in, 2 
effect of bleaching on, 523 
effect of grass bleaching on, 513 
‘ impurities in, 400 
testing of bleached, 516 
Linen bleaching, amount of water re- 
quired for, 49 
in Middle Ages. 490 
with clilorkle of lime, 496 
with ozone, 513 
with pennnnganates, 520 
with peroxides, 522 
Linen boiling, early method of, 491 
Linen cloth, bleaching of, 501 
Linen fabrics, bleaching of, 507 
Linen >arn, bleaching of, 497 
Lin.-eed oil, 591, 627 
Lintt's, machine for bleaching, 388 
Liquefied chlorine gas, 345 
Liciuid chlorine, composition of, 346 
control equipment for using, 351 
for bleaching paper pulp, 349 
installation for bleaching, 345 
methods of dissolving, 346 
propertic.s of, 350 
reaction of with caustic soda, 3t7 
reaction of with soda ash, 349 
use of in bleaching, 34^ 

Liquid method of bleaching wool, 133 
Lists in cloth, causes of, 53 
Liverpool test for alkali, 570 
Loop drier for knit goods, 447 
Loose cotton, bleaching of, 3*85 
Loose stock apparatus for bleaching, 
379 

Lovibund tintometer, 557 
Ludigol, 153 

Lu.stering machine for mercerized yarn, 
402 

for silk skeins, 162 
Lusteiing of silk, 189 

M 

McNaught's scouring machine, 100 
Machine for beetling linen, 519 
bleaching jute >arn, 525 
bleaching open-width goods, 453 
bleaching raw cotton, 391 
boiling-off plush fabrics, 188 
chloring union goods, 467 
degumming silk, 153 
degumming silk pieces, 181 
softening linen yarn, 509 


Machine for washing silk, 155 
washing silk waste, 168 
scouring cloths, 113 

Machinery for scouring raw wool, 95 
Machinery for scouring yarn, no 
Mackay apparatus for testing spon- 
taneous combustion, 596 
Madder bleach, 409 
Maertens’ wool scouring system, 70 
Magnesium hypochlorite, 314, 344 
action of, on cotton, 322 
Magnesium perborate, 376 
Magnesium salts in hard water, 58 
Mallard process for wool steeping, 30 
Malt enzymes in bleaching, 222 
Malt extracts in cotton bleaching, 255 
Malt extracts, use of in bleaching, 222, 

452 

Malting of cotton goods, 255 _ 
Manganese chloride in bleaching, 453 
Manganese zeolite, 61 
Manila hemp, bleaching of, 529 
Market bleach, 409 
Marking cotton cloth for bleaching, 41 1 
Marking ink for cloth, 41 1 
Afarkmg machine for cloth, 410 
Marseilles soap, 591 
Mather kier, 272 
Mather-Platt kier, 224, 287 
bleaching with, 427 
Rfattress cotton, bleaching of 390 
Mcedianical pulp, bleaching of, 538 
Mercuric chlorklc in bleaching, 482 
Mercerizing of cotton, 210 
Mercerized cotton, bleaching of, 462 
Mercerizing effect in kier boiling, 267 
Mcta-nitrobenzene-sulfonic acid, 453 
Meta-pcctic acid, 493 
Mezzo-cotto, j6i 
Mi-cuite, 161 
Mildew stains, 468 
Milk of lime, 585 
action of on cotton, 209 
preparation of, 237 

Milk of lime liquors, density of, 586 
Milk of lime solutions, density of, 238 
Mill for making chemic solutions, 295 
Mineral alkali, 567 
Mineral matters in cotton, 204 
Mineral oil, testing for in wool oils, 
598 

Mineral oil in kier boiling, 255 
Mineral oil stains, 473 
Mineral oil in wool oils, 86 
Mineral oils in soap, 619 
Mineral oils for wool stock, 595 
Mohair, bleaching of, 140 
Monopin, 588 
Monopol oil, 588 
Monopol soap, 522, 588 
in kier boiling, 218 
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Motes in raw cotton, 205 
Mulberry silk, 152 
Muntada’s kier, 289 
Muriatic acid, 634 

N 

Naphtha in kier boiling-, 219, 589 

Naphtlia process for wool scouring, 64 

Naphtha soap, 589 

Naphtha soaps in kier boiling, 219 

Natural pigments in fibers, 2 

Neatsfoot oil, 594 

Neutral soaps, 34 

New Castje test for alkali, 570 

Nickel, effect of on bleach liquors, 299 

Nitric acid in cotton bleaching, 292 

Nitrogen in cotton, 202 

Nitrosc, use of in bleaching, 159 

Nitrosilk, 531 

Nilrosylsiilfuric acid, preparation of, 

175 

use of in bleaching, 159 
Nitrous acid in cotton bleaching, 292 

0 

Ocs>pus, use of in pharmacy, 18 
Octtel cell, 357 

Oil emulsion for wool stock, 85 
Oil stains, 473 
removal of, 4|8 
Oil of vitriol, 629 

Oils, determining degree of spontane- 
ous combustion, 595 
fait ■ acids in, 600 
ph3MCal properties of. 9j9 
testing oxidation ol, =;97 
Oils for bleaching purposes, 588 
Oils for wool stock, 594 
Oils in cotton cloth, 201 
Oils used for soaps, 589 
Oils used in kier boiling, 255 
Old bleach liquors, increased activity 
of, 297 

Oleic acid, 595, 627 
Olein, 595, 605, 627 
testing of, O04 
Olein oil, 83 
Olein soap, 253, 606 
Olive oil, 591, 627 
testing of, 6oi 
Olive oil soap, 253 
Open kiers, 279 
Open type kier, 203 
• with pump, 21 1 
Open washing machine, 333 
Open-width scouring machine, no 
Opener for cloth, 31 1 
Organic acids, effect of on cotton, 334 
Ostrich plumes, bleaching of 542 


Oval type scouring machine, 104 
Overhead folder, 426 
Overhead warp- splitter, 405 
Over-scouring 'of wool, 24 
Over-oxidation in bleaching, 320 
Oxalic acid, use of in bleaching, 146 
Oxalic acid, 637 
action of, on cotton, 334 
as souring agent, 332 
bleaching, 310 

Oxidation of cotton, 212 « 

Oxidation process of bleaching, 7 
( )xidation value of bleaching agents, 

381 

Ox> cellulose, 478 
formation ot iii kier boiling, 265 
testing of. 485 
Oxycellulose stains, 477 
Oxygen, bleaching cotton with, 373, 
374 

Ozone bleaching of linen, 513 
Ozonite, 148, 656 

P 

Paddle t\pe scouring machine, 88 
Palm-nut oil, 592 
Palm oil, 627 
l^almitin, 605 

Paper pulp, bleaching of, 535 
testing l)lcaehmg qu.ility of, 538 
Paper pulps, bleach required for, 538 
P.irkes’ process for boiling cotton, 194 
Peanut oil, 594 
IVarl ash, 577 

IVarl ash in wool scouring, 41 
I'cctic acid, 196 

IV'ctiii compounds, nature of, 195 
Pectin m raw cotton, 192 
J’cttocellulose, 490 
Pectose, 195 
Pcctosic acid, 196 
I'endelhiiry kier, 231, 283 
Perborate compounds, 65O 
Perborates, bleaching cotton with, 376 
in silk bleaching, 182 
tests for, 183 
use ot in bleaching, 147 
Perborin, 376, 636 

IV'rcarbonatcs in silk bleaching, 183 
Peimanganate bleach, 145 
Permanganate, bleaching cotton with, 

367 

Permanent hardness, 50 
testing for, 560 

l‘ermutit system of softening water, 
55 

Peroxide bleach bath, effect of metals 
on, 14 1 

methovl of stabilizing, 139 
preparation of, 139 
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Peroxide bleaching, cost of, 372 
Peroxide method of bleaching knit 
goods, 436 

Peroxides, bleaching cotton with, 370 
Peroxides in kier boiling, 224 
Persil, 148, 656 

Persoz, apparatus for boiling cotton, 

193 

Persulfates, use of in bleaching, 183 
Phenol in kier boiling, 219 
Phenol, u*e of in bleaching, 473 
Physical tests on bleached cotton, 489 
Pigment matter in raw silk, 152 
Plate singeing, 412 
Plate singeing machine, 414 
Polyzime, 222 
use of in bleaching, 340 
Poppy-seed oil, 595 
Potash, 577 

Potash recovery in wool scouring, 25 
Potash salts in suint, 25 
Potash salts from wool steeping, analy- 
sis of, 32 

Potash salts in wool, yield of, 28 
Potash soap in wool scouring, 39 
Potash in wool scouring, 41 
Potassium bromate in bleaching, 453 
Potassium carbonate, 577 
Potassium carbonate solutions, density 
of, S 7 ^ 

Potassium hypochloiite, 344 
Potassium manganale, use of in bleach- 
ing, 145 

Potassium oxalate, 638 
Potassium permanganate, 655 
analysis of, 65O 
use of in bleaching, 145, 368 
Pressure in kier boiling, 215 
Pressure kiers, types of, 281 
Printed goods, bleaching of, 337 
Printer’s bleach, 409 
Pump circulation in early kiers, 270 
Pump kiers, French type, 244 
Pump system of kier circulation, 275 


Q 

Quicklime, 585 
analysis of, 585 
Quillain, 566 


R 

Radioactivity in bleaching, 513 

Rag pulp, bleaching of, 536 

Rain water, character of, 51 

Ramie, bleaching of, 530 

Rape-seed oil, 594, 627 

Raw cotton, extractive matters in, 190 


Raw silk, microscopy of, 165 
micrograph of, 157 
mineral matter in, 152 
Raw stock bleaching machine, 386 
Raw textile fibers, l 
Raw wool, analysis of, 26 
Recovered grease, 121 
Recovered oils, 83 
Reduction process in bleaching, 4 
Reel machine for bleaching linen, 506 
Reeling linen yarns, 505 
Refinite system of water softening, 58 
Relative cost of bleaching, 381 
Resin soap in kier boiling, 218, 243 
Resm soap, preparation of, 253 
Resin soaps, stains due to, 472 
Resin stains, 476 
Revolving expander, 427 
Revolving type yarn scourer, 106 
Richtcrol, 63 

Rigainonti bleaching system, 462 
Rigainonti kier, 289 
River water, character of, 51 
Roll machine for bleaching knit goods, 
439 

Roller singeing, 413 

Roller washing machine, 339 

Rolling machine for cloth, 425 

Rongalite, 549 

Rongalite C, 642 

Rongalite CW, 642 

Rosm, 627 

detection of 111 soaps, O13 
Rosm oil, 595 
Rosm soaps, (>o6, 609 
Rosin for soap stock, 606 
Roving, bleaching apparatus for, 368 
Rubbing boards, 502 
Rusden circulation for kiers, 252 
Rusden kier, 264 
Rust stains, 476 


S 

Sal soda, 568 

Sal volatile, 583 

Salkowski’s reaction, 22 

Salt of hartshorn, 583 

Salt of soda, 213 

Salt water soap, 625 

Salts, effect of in kier boiling, 250 

Sand piessure filter, 50 

Saponaceous barks, 567 

Saponification, definition of, 20 

Saponification tests, 599 

Saponine, 566 

Saponolein, 69 

Satins, degumming of, 167 

Saturating machine, 321 

Schives in raw cotton, 205 
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Schuckert electrolyzer, 364 
Scotch dye tub, 407 
Scouring bath for wool, composition 
of, 41 

strength of, 44 

Scouring bath for yarn, composition 
of, 80 

Scouring compounds, 566 
Scouring, effect of on quality of wool, 
45 

Scouring faults due to hard water, 52 
Scouring liquors, composition of, 120 
Scouring machine, rake type, 89 
Scouring machine for chain yarns, 106 
for hosiery, 43^) 
for linked skeins, 109 
Scouring machines for silk, 172 
Scouring powders, 572 
Scouring soap, properties of, 606 
Scouring of soupled silk, 161 
Scouring value of soap, 616 
Scouring wool with gypsum, 33 
Scouring wool with infusorial earth, 
33 

Scouring of woolen cloth, 92 
Scouring of yarn, 79 
Scouring yields from raw wool, 44 
Scrooping of silk, 187 
Scutcher for cotton cloth, 475 
Sectional kier with super-heater, 249 
Semi-drying oils, 595 
Sericin, 149 

Shaking-out machine for silk, 165 
Shaking-out silk skeins, 187 
ShodOs, stripping of, 545 
Shot hv'les, formation of in kier boil- 
ing, 264 

Shrinkage in raw wool, 44 
Siemens & llalske electrolyzer, 363 
Silk, coloring matter in, 2 
'use of in dyeing, 170 
natural coloring matter in, 152 
natural condition of, i 
stripping of with soap, 153 
Silk-cotton goods, degumming of, 167 
Silk liber, description of, 149 
Silk fiber, impurities in, 149 
Silk glue, 149 

Silk piece goods, degumming of, 160 
Silk waste, degumming of, 156, 167 
Singeing cotton cloth, 412 
Singeing machine, 410 
Singeing machine for silk-cotton goods 
182 

Singeing machine for silk yarn, 176 
Singeing stains, 470 
Size in cotton, removal of in bleach- 
ing, 206 

Sizing materials in cotton cloth, 305 
Skein machine for degumming silk, 

151 


Skein yarn, kiers for, 278 
Slack tension washing machine, 451 
Slack washing machine, 324 
Slaked lime, 585 

Sludge from bleaching powder, 303 
Soap, analysis of, Cio 
Soap, chemical nature of, 35 
consumption of in scouring wool, 45 
definition of, 20 
hydrolysis of, 34 
manufacture of, 607 , 

scouring value of, 616 
washing power of, 610 
Soap analysis, calculations in, 617 
Soap bark, 566 
cleaning action of, 37 
Soap for degumming silk, 154 
Soap in kier boiling, 253 
Soap preparations, 572 
Soap solution, emulsifying power of, 
610 

viscosity of, 628 

Soap solution for water analysis, 556 
Soap solutions, alkaline character of, 
35 

Soap solutions, hydrolysis of, 38 
Soap solutions as scouring agents, 33 
Soaps, 605 

comparison of different, 624 
crystallization of, 38 
emulsifying properties of, 36 
spinning test for, 628 
water softening power of, 609 
Soaps tor hard water, 625 
Soaps in boiling-out, 218 
Soaps in scouring, action of, 34 
Soaps for scouring, relative value of, 
42 

Sod-oil, 17 
Soda ash, 567 

analysis of, 57^,. 573 . * 

consumption of in scouring wool, 45 
impurities in, 570 
Soda ash in kier boiling, 243, 248 
Soda ash solutions, density of, 571 
Soda ash in wool scouring, 41 
Soda crystals, 568 

Soda and potash soaps, comparison of, 
39 

Soda pulp, bleaching of, 538 
Sodium bicarbonate 568 
Sodium bicarbonate in kier boiling, 248 
Sodium bisulfite, 640 
as antichlor, 335 
bleaching cotton with, 434 
bleaching wool with, 133 
use of in kier boiling, 224 
Sodium bisulfite solutions, density of, 
641 

Sodium bromate in bleaching, 453 
Sodium carbonate, 567 
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Sodium hydrogen carbonate, 568 
Sodium liydrosulfite, bleaching wool 
with, 135 

preparation of, 135 
Sodium hydrosulfite in stripping, 549 
Sodium hypochlorite 650 
Sodium hvpochlorite in bleaching, 341 
Sodium hypochlorite in linen bleaching, 

509 

Sodium hypochlorite, preparation of, 
341 '* 

Sodium hypochlorite in solid form, 
.342 

Sodium hypochlorite solutions, stabil- 
ity of, 341 

Sodium hyposulfite, 643 
Sodium nitrate in linen bleaching, 516 
Sodium ' oxalate, 638 
Sodium perborate, 656 
Sodium perborate in bleaching, 147, 
376. 453 

Sodium pcrcarbonate for bleaching, 

Sodium peroxide, 654 
analysis of, 655 
bleaching cotton with, 371 
stabih^mg, 654 
use of in wool bleaching, 138 
Sodium sesquicarbonate, 569 
Sodium silicate, 580 
Sodium silicate in kier boiling, 248 
Sodium silicate for scouring, 566 
Sodium silicate as soap filler, O19 
Sodium silicate and soaps, 580 
Sodium sulfide in kier boiling, 251 
Sodium sulfide in linen bleaching, 516 
Sodium sulfide, use of for boiling cot- 
ton, 213 

Sodium thiosulfate, 643 

Sodium thiosulfate as antichlor, 335 

Soft ^oap, O05, 608 

Soft soap in wool scouring, 39 

Soft water, definition of, 49 

Softening of soupled silk, 161 

Softening water, methods for, 56 

Soluble iSeolin, 88 

Soluble oil in kier boiling, 217 

Solvay soda, 570 

Solvent method of wool scouring, 6i 
Soupled silk, 149 
bleaching of, lOi 

Sour milk, use of in bleaching, 10 
Souring, 629 
methods of, 329 
Souring machine, 326 
Sours, 629 

effect of temperature on, 332 
function of in cotton bleaching, 290 
Spent kier liquors, composition of, 246 
Spent lye, 607 
Sponges, bleaching of, 543 


Spontaneous comhflstion in oil stock, 
595 

Spring beetling machine, 521 
Sprinkling machine for linen, 512 
Sprits in linen, 502 
Squeezer for bleach house, 303 
Squeezer for cloth, 305 
Squeezing machine for silk skeins, 160 
Squeezing machine Tor skein yarns, 
. “5 

Stabilit. of bleach liquors, 318 
Stabilizing hypochlorite liquors, 295 
Stains in bleached linen, 517 
Stains m bleaching, 466 
Stains in stored goods, 481 
Stamping machine for bleaching ho- 
siery, 441 

Starch in cotton goods, removal of, 
221 

Steam injector, principle of, for kiers, 
199 

Steam m kier boiling, 286 
Steam pressure table, 260 
Steaming machine for silk goods, 177 
Steaming machine for silk-wool pieces, 

179 

Stearin, 605 

Steeping process in cotton boiling, 225 
Steeping of wool, 29 
Stick marks in stoving, 131 
Stitching cotton cloth for bleaching, 
411 

Stoving, 129 

testing for fastness to, 132 
Stoving chamber for wool, 131 
Straw, bleaching of, 532 
Stretcliing machine for mercerized 
yarn, 402 

Stretching machine for silk skeins, 
164 

Striking machine for silk skeins, 170 
String tub washing machine, 327, 330 
Stringing silk skeins, 187 
Stripping acid colors, 548 
Stripping agents, action of on fibers, 

546 

Stripping alizarine colors, 549 
Stripping basic colors, 549 
Stripping cotton goods, 550 
Stripping diazotized colors, 550 
Stripping dyed colors, 545 
Stripping mdigo, 551 
Stripping silk, 149 
Stripping substantive colors, 550 
Stripping sulfur colors., 551 
Stripping woolen goods, 546 
Strontia, use of in boiliiig-out, 240 
Suint, composition of, 24 
effect of in scouring, 25 
water soluble constituents of, 27 
Suint in raw wool, 14 
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Sulfite pulp, 4 )leachmg of, 538 
Sulfur, amount used in wool bleaching, 

. " 130 

Sulfur bleach for silk, 176 
Sulfur bleach for wool, 130 
Sulfur bleaching chamber, 130 
Sulfur spots on wool goods, 129 
Sulfur stains, 644 
Sulfuric acid, 629 
Sulfuric acid, anal.vsis of, 631 
densities of, 632 < 

qualitative tests for, 630 
Sulfuric acid in bleaching, 329 
Sulfuring of souplcd silk, 161 
Sulfurous acid, 639 
density Of, 639 

Sulfurous acid gas, bleaching with, 133 
Swing rake scouring machine, 92 


T 

Table drier for wool slock, 81 
Tallow, 5S9, 626 
Tallow oil, 590, 626 
Tallow soap, 589 
Tar stains, 4()8 
d'aylor kier, 223 
Temperature of bleaching, 325 
'renqierature in kier boiling, 260 
Temperature in wool drying, 75 
Temperature m wool scouring, 42 
Temperature in wool washing, 47 ’ 
Temporary hardness, 49 
testing for, 559 

Tensile strength of wool, effect of 
scouring on, 45 
Tenk 'ing machine, 480 
Tetra.Jilorocthyl^ne, 589 
Tetrapol, 63, 474, 526, 589 
■ in kier boiling, 219 
Tetrapol P, 589 
Theory of bleaching, 8 
'I’hics bleaching installation, 429 
Thics kier, 282 
Thies-lJerzig kier, 288 
Thies-llerzig process for steeping cot- 
ton goods, 226 

Tinting, bleaching by means of, 3 
color theory of, 3 
dyestuffs used for, 3 
Tipping kier, 261 
Titanous chloride, 551 
Titanous sulfate for stripping, 551 
Toluidine tartrate test for chlorine, 
336, 650 

Tommy Dodd mangle, 510 
Tom-tom washer, 337 
Train oil, 594 
Trona, 5^ 

Tubes, bleaching machine for, 373 


Turkey-red oil^ 588 
use of in boiling cotton, 217 
Turkone oil, 474, 588 
Turning over in kier boiling, 284 
Turpentine in bleaching, 515 
Turpentine in kier boiling, 219 
Turpentine in linen bleaching, 521 
Tussah silk, impurities in, 153 
methods of bleaching, 183 
microscopy of, 188 
scouring of, 169 • 

U 

Underwear, bleaching of, 433 
Union goods, bleaching of, 463 
crabbing of, 94 
scouring of. 93 
Upright drying machine, 481 

V 

Vacuum bleaching, 338 
Vaciuim bleaching apparatus for line 
yarns, 400 

Vacuum bleaching machine, 386 
Vacuum extractor for cloth, 121 
Vacuum system of kier circulation, 275 
Vat dyes in bleaching, 458 
Vegetable alkali, 5O7 
Violet rays m bleacliing linen, 51 1 
Viscose silk, 531 
Vitriol 629 

W 

Walsh kier, 232 
Warm cheinics, use of, 325 
Warp boihng-oiit machine, 407 
Warp splitter, 405 

Wash waters from bleaching, compo- 
sition of, 423 
Wash wheel, 330 
Washed fleeces, 29 
Washed stocks, 335 
Washer tor light weight fabrics, 328 
Waslier for loose cotton, 389 
Washing bleached cotton, methods of, 

.419. 

Washing in bleaching, 414 
Washing of cotton after kier boiling, 
262 

Washing machine, 317 
Washing machine lor knit goods, 448 
Washing machine for silk pieces, 171 
Washing machine for skein yarn, 401 
W ashing, as a process in wool scour- 
ing, 47 

Washing soda, 568 
Washing stocks for linen, 502 
Waste scouring liquors, treatment of, 
114 
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Water, amount required for bleaching, 
49 

amount required for scouring, 49 

bicarbonates m, 552 

chlorides in, 552 

correction of for bleaching, 53 

dissolved solids in, 554 

free acid in, 552 

free alkali in, 552 

influence of in scouring, 47 

influence of in silk scouring, 171 

interpretation of, 563 

iron in, 553 

lime salts in, 552 

magnesia in, 552 

physical properties of, 552 

qualitative analysis of, 552 

quantity used in bleaching cotton, 387 

soap-dcstro>ing power of, 555 

sulfates in, 552 

suspended matter in, 554 

testing O' for bleaching, 553 

testing for color in, 553 

testing hardness of, 556 

total hardness of, 555 

total solids in, 554 

Water analysis, calculations for, 562 
Water of hydration iu wool, 78 
Water for kier boiling, 262 
Water mangle, 424 
Water softening, calculations for, 57 
Water stains, 471 

Water suitable for bleaching, determi* 
nation of, 49 

Weighting silk in the gum, 163 
Wetting-out of cotton, 207 
Whale oil, 594 
White dyeing of wool, 129 
White-gum silk, bleaching of, 174 
White leather, preparation of, 540 
White lists, 52 
White sour, 329 
Whizzer, 426 

Wild silk, mineral matter in, 152 
Wilson’s liquor, 344 
Wolf machine for opening wool, 29 
Wood stains, 482 

Wool, bleaching of with hydrogen per- 
oxide, 138 

carbonizing of scoured, 73 
coloring matter in, 2 
drying of, 75 , 
natural condition of, i 
scouring of, with solvents, 62 
Wool bleaching, amount of water re- 
quired for, 49 
gas method of, 129 
reduction process of, 128 
Wool drier for raw stock, 76 
Wool emulsions, 594 
Wool-fat, 15 


’ Wool-fat, chemical constants ot, 10 
composition of, l6 
emulsifying properties of, 33 
physical constants of, 16 
Wool fiber, impurities in, 12 
physiology of, 13 

Wool-grease for stuffing leather," 17 
Wool-grease, uses for, 17 
Wool oils, 23^ 594 
analysis pf, 595, 600 • 
composition of, 83 
Wool oils for spinning, 82 
Wool perspiration, 24 
Wool scouring by foam method, 42 
Wool scouring, general theor-y of, 29 
influence of temperature in, 42 
practical rules for, 46 
time required for, 45 
Wool-silk goods, degumming of, 166 
Wool steeping, apparatus for, 30 
European practice of, 30 
Wool steeping liquors, recovery of pot- 
ash from, 30 
Wool steeping tank, 127 
Woolen stock, bleaching of, 13 1 
Wool-wax, 17 

Woolen cloth, bleaching of, ni. , . 

scouring of, 94 ^ Vm 

Woolen rags, stripping of, 

Woolen yarn, bleaching of, 131 
impurities in, 79 . . 

Worsted yarn, impurities in, 79 

Y 

Yamamai silk, 132 
\'arn bleaching, apparatus for, 397 
Yarn dryer, automatic control, 124 
Yarn scouring, 79 
Yarn scouring machine, 104 
Yarn stretching, 80 
Yarn stretching apparatus, 84 
^ arn truck drier, 125 
Yellow glass in bleacheries, 329 
Yellow-gum silk, 149 
bleaching of, 174 
Yolk in raw wool, 14 
Yorkshire grease, 122 

Z 

Zeolite gravity filter, 55 
Zeolites, use of in softening water, 59 
Zinc dust, 642 
analysis of, 643 
use of for stripping, 547 
use of in wool bleaching, 135 
Zinc hypochlorite, 344 
Zinc sulfate in bleaching, 315 
Zinc perborate, 376 
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